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(57) An optical pickup apparatus for conducting re- 
cording and/or reproducing information of an optical in- 
fomnation recording nnediunn, comprises a light source 
(11); a converging optical system having an objective 
lens (3); and a photo-detector. The converging optical 
system comprises a plastic lens (3) and a spherical ab- 
erration deviation correcting element (4,5) to correct de- 
viation of a spherical aberration of the converging optical 
system. A numerical aperture of the objective lens at an 
image-side is 0.65 or more. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an optical pick-up apparatus, an apparatus for recording/reproducing infor- 
mation of an optical information recording medium, and beam expander, and particularly to an optical pick-up apparatus 
objective lens and beam expander, by which variations of the spherical aberration can be effectively corrected in a 
nigh density optical information recording medium. 

[0002] Recently, according to the practical use of a short wavelength red semiconductor laser, the development of 
a DVD (digital versatile disk) which is a high density optical disk whose size is the almost same as a conventional 
optical disk, that is. a CD (compact disk) which is an optical infomiation recording medium, and whose capacity is 
greatly increased, is advanced, and in near future, it is presupposed that a higher density next generation optical disk 
also appears in the market. In the optical system of the optical information recording and reproducing apparatus using 
such the optical disk as a medium, in order to attain the high densification of the recording signal or to reproduce the 
high density recording signal, it is required that a spot diameter to converge the light onto the recording medium through 
the objective lens, is reduced. In orderto attain this requirement, there is the actual situation that the reduction of the 
wavelength of the laser as the light source or the increase of the NA of the objective lens are considered 
[0003] In this connection, when the reduction of the wavelength of the laser or the increase of the NA of the objective 
lens thus comes to be realized, even an almost negligible problem in the optical pick-up apparatus structured by the 
combination of the comparatively long wavelength laser and the objective lens of low NA by which the recording or 
reproducing of the information is conducted on the conventional optical disk such as the CD or DVD it is more actu- 
alized. ' 

[0004] A problem actualized in the combination of the shortening of the wavelength of the laser and the increase of 
the NA of the objective lens, is a variation of the spherical aberration of the optical system due to the temperature and 
humidity change. That is, in comparison with a glass lens, a generally used plastic lens in the optical pick-up apparatus 
IS easily deformable due to the temperature or humidity change, and thereby, the refractive index changes. Even in a 
variation of the sphencal aben-ation by the change of the refractive index which is not a problem in the optical system 
used in the conventional pick-up apparatus, its amount is not negligible In the combination the reduction of the wave- 
length of the laser and the increase of the NA of the objective lens, and a problem in which the spot diameter is 
increased, is generated. Accordingly, in the optical system employing a plastic lens, a spherical aberration becomes 
an important problem. 

[0005] Further, another problem in the combination of the shortening of the wavelength of the laser and the increase 
of the NA of the objective lens, is deviation of a spherical aberration taking place on the objective lens due to the slight 
deviation of wavelength of the light source. In the semiconductor laser used as a light source in the optical pickup 
apparatus, there is a deviation of ± 1 0 nm among actual products of the semiconductor laser. Therefore, if a semicon- 
ductor laser having an wavelength deviating from a reference wavelength is used as the light source the spherical 
aberration taking place on the objective lens becomes larger as the numerical aperture becomes lager. Owing to this 
If It IS detemnined that the semiconductor laser having an wavelength deviating from a reference wavelength is used 
as the light source, the selection for the semiconductor laser to be used as the light source will be required As a result 
40 the cost of the semiconductor laser will be raised. 

[0006] Further, another problem in the combination of the shortening of the wavelength of the laser and the increase 
of the NA of the objective lens, is deviation of a spherical aberration of the optical system due to errors in the thickness 
of a protective layer (or a transparent substrate) of the optical disk. Since the spherical aberration caused by the errors 
in the thickness of the protective layer occurs in proportion to fourth power of numerical aperture of the objective lens 
the influence of the errors in the thickness of the protective layer becomes larger as the numerical aperture of the 
objective lens becomes larger, there my be a fearthat recording or reproducing information can not be conducted stably 
[0007] In this connection, for the recording or reproducing of the infomriation, between the optical disk of the next 
generation requiring the combination of the reduction of the wavelength of the laser and the increase of the NA of the 
objective lens, and the conventional optical disk, the wavelength of the light source and the NA of the objective lens 
are greatly different from each other as described above. Further, in order to suppress the coma greatly generated due 
to the tilt of the disk surface from the surface perpendicular to the optical axis which is presupposed in the optical disk 
of the next generation, it is effective to reduce the transparent substrate thickness, however, according to that the 
transparent substrate thickness is greatly different from the conventional optical disk such as a CD For example an 
optical disk proposed for use in a next future generation comprises a transparent substrate having a thickness of'o 1 
mm which IS greatly different from the thickness of a transparent substrate of CD or DVD. Therefore, if the infomiation 
of CD or DVD is reproduced by the objective lens for use in the next future generation, a large spherical aben-ation 
may be occurred. Accordingly, at least by using the common objective lens, without greatly increasing the cost and 
by a compact optical pick-up apparatus, how to record or reproduce the information by suppressing the spherical . 
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aberration for the different optical information recording nnedium including the next generation optica! disk, is a problem. 
[0008] Further, the other problems is a problem of the axial chromatic aberration caused in the objective lens due to 
minute variations of the wavelength of the laser light source. The change of the reflective index due to the minute 
variation of the wavelength of the general optical lens material is larger as the short wavelength is used. Therefore, 

5 • the defocus amount of the focal point caused due to the minute variation of the wavelength becomes large. However, 
as it can be seen from a fact that the depth of focus of the objective tens is expressed by k • X/NA^ (k is a proportional 
constant, X is the wavelength, and NA is a numerical aperture of an image side of the objective lens), the shorter the 
wavelength of the used light source is, the smaller the depth of the focus is, and even a few defocus amount is not 
allowed. Accordingly, in an optical system using a short wavelength light source such as the blue purple semiconductor 

10 laser (about 400 nm wavelength) and an objective lens having a high image side numerical aperture, in orderto prevent 
a wavelength variation due to the mode hop phenomenon of the semiconductor laser, or the deterioration of the wave 
front aberration due to the high frequency superimposition, a correction of the axial chromatic aberration becomes 
important. 

15 SUMMARY OF THE INVENTION 

[0009] The present invention has been made in view of the above problems in prior and an object of the present 
invention is to provide an converging optical system and an optical pickup apparatus capable of correcting efficiently 
with a simple structure deviation in a spherical aberration occurring in each optical surface in an optical pickup apparatus 
20 due to variations in wavelength of a laser light source, changes in temperature and humidity, and errors in the thickness 
of a transparent base plate (substrate) on an optical information recording medium and in particular, capable of using 
a plastic lens for the converging optical system. 

[0010] Further, another object of the present invention is to provide an optical pick-up apparatus by which the axial 
chromatic aberration due to the mode hopping and HFCS (high frequency supertmposition) of the semiconduction laser 
25 can be effectively corrected, and its objective lens and the beam expander 

[001 1] Further, sill another object of the present invention is to provide an optical pick-up apparatus which is provided 
with the short wavelength laser and the high NA objective lens, and which can record or reproduce the information for 
the different optical information recording medium. Hereinafter, examples of means of the present invention to solve 
the above problems will be exemplified. 

30 

(A) An optical pickup apparatus for conducting recording and/or reproducing information of an optical information 
recording medium, comprises: 

a light source; 

35 a converging optical system to converge light flux emitted from the light source on an information recording 

plane of the optical information recording medium so as to conduct reproducing and/or recording information 
of the optical infomnation recording medium, the converging optical system having an objective lens; and 
a photo-detector to receive reflected light flux from the information recording plane; 

wherein the converging optical system comprises at least a plastic lens and a spherical aberration deviation 
40 correcting element to correct deviation of a spherical aberration of the converging optical system and a nu- 

merical aperture of the objective lens at an image-side is 0.65 or more. 

(B) An optical information recording medium recording and/or reproducing apparatus for conducting recording and/ 
or reproducing infomnation of an optical information recording medium, comprises: 

45 an optical pickup apparatus comprising: 

a light source; 

an converging optical system to converge light flux emitted from the light source on an information recording 
plane of the optical information recording medium so as to conduct reproducing and/or recording information 
50 of the optical information recording medium, the converging optical system having an objective lens; and 

a photo -detector to receive reflected light flux from the Information recording plane; 

wherein the converging optical system comprises at least a plastic lens and a spherical aberration deviation 
correcting element to correct deviation of a spherical aberration of the converging optical system and a nu- 
merical aperture of the objective lens at an image-side is 0.65 or more. 



55 



(C) A spherical aberration deviation correcting elementf or use in an optical infomnation recording medium recording 
and/or reproducing apparatus, comprises: 
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a positive lens group having at least one positive lens; and 
a negative lens group having at least one negative lens, 

wrherein a numerical aperture of the objective lens at an image-side is 0.65 or more, 

at least one of the positive lens group and the negative lens group is movable in a direction of an optical axis and 
deviation of a spherical aberration of the optical pickup apparatus is con-ected by moving the at least one of 
the positive lens group and the negative lens group in the direction of an optical axis, and 
wherein the spherical aberration deviation correcting element comprises at least one plastic lens. 

(D) A spherical aberration deviation correcting element for use in an optical pickup apparatus for recording and/ 
or reproducing information of the optical information recording medium, comprises: 

a positive lens group having at least a positive lens; and 

a negative lens group having at least a negative lens, wherein at least one of the positive lens group and the 
negative lens group is a movable element movable in a direction of an optical axis and the movable element 
can change the slope angle of the marginal ray of an exit light flux by moving in a direction of the optical axis and 
wherein each positive lens of the spherical aberration deviation correcting element has Abbe's numbers of 70 
or less or each negative lens of the spherical aben-atlon deviation correcting element has Abbe's numbers of 
40 or more and the spherical aberration deviation correcting element comprise at least a diffractive surface 
having a ring-shaped diffractive structure. 

(E) A spherical aberration deviation correcting element unit for use In an optical Information recording medium 
recording and/or reproducing apparatus, comprising: 

a spherical aberration deviation correcting element comprising, 
a positive lens group having at least one positive lens; and 
a negative lens group having at least one negative lens. 

wherein at least one of the positive lens group and the negative lens group is movable in a direction of an 
optical axis and deviation of a spherical aberration of the optical pickup apparatus Is corrected by moving the 
at least one of the positive lens group and the negative lens group in the direction of an optical axis and 
wherein each positive lens has Abbe's numbers of 70 or less and each negative lens has Abbe's numbers of 
40 or more and the spherical aberration deviation con-ecting element comprise at least a diffractive surface 
having a ring-shaped diffractive structure; and 

a moving device to at least one of the positive lens and the negative lens In a direction of an optical axis. 
[0012] Further, another preferable means to attain the above object are exemplified 

(1 ) An optical pick-up apparatus comprises a converging optical system including a light source, and an objective lens 
to converge the light flux emitted from the light source onto the information recording plane (surface) through a trans- 
parent substrate of an optical infomnatlon recording medium, and a light detectorto light-receive the reflected lightfrom 
he optical information recording medium, wherein the objective lens includes a lens composed of at least one plastic 
lens, and because a means for correcting a variation of the spherical aberration caused by a change of at least one 
of the shape and the refractive index of the objective lens, and by the variation of the (oscillation) wavelength of the 
light source, for the environmental change between the temperature of -30 C to -i- 85 C, and the humidity of 5 % to 90 
/o IS provided between the light source and the objective lens, even when a change of the refractive index Is generated 
in the objective lens, or even when the change of the wavelength of the light source is generated, corresponding to 
he teriiperature or humidity change of the environment in which the optical pick-up apparatus is used, the variation of 

the spherical aberration of the objective lens caused due to them can be effectively suppressed 
[0013] In this connection, the objective lens Is defined to be included 'between the light source and the objective 
ens , and accordingly, even the diffractive surface provided on the surface of the objective lens can become a means 
for correcting the variation of the spherical aben-atlon in the present invention. 

(2) An optical pickup apparatus comprises the light source of the wavelength \, a converging optical system Including 
he objective lens to converge the light flux emitted from the light source onto the Information recording plane through 
he transparent substrate of the optical information recording medium, and a light detector for receiving the reflected 
light from the optical Infonnation recording medium, wherein a means for correcting the variatioh of the spherical ab- 
erration IS provided between the light source and the objective lens, and because the means for correcting the variation 
of the sphencal aben-atlon can correct the spherical aberration up to 0.2 Xrms to less than 0.07 Xrms, for example the ' 
variation of the spherical aberration of the objective lens caused due to the temperature or humidity change of" the 
environment in which the optical pick-up apparatus Is used, and/or the minute variation of the wavelength of the liaht 
source, can be effectively suppressed. . ■e"y"i 
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(3) The optical pick-up apparatus described in (2) Is preferable when the nneans for correcting the variation of the 
spherical aberration can correct the spherical aberration up to the 0.5 X rms to not nnore than 0.07 Xmns. 

(4) An optical pick-up apparatus comprises the light source, a converging optical system including the objective lens 
to converge the light flux emitted from the light source onto the infomiation recording plane through the transparent 
substrate of the optical information recording medium, and a light detector for light-receiving the reflected light from 
the optical information recording medium, wherein, because a means for correcting the variation of the spherical ab- 
erration generated in the objective lens is provided between the light source and the objective lens, for example, the 
variation of the spherical aberration of the objective lens caused due to the temperature or humidity change of the 
environment in which the optical pick-up apparatus is used, and/or the minute variation of the wavelength of the light 
source, can be effectively suppressed. 

(5) Because there is a deviation of about ± 1 0 nm among the individual bodies in the wavelength of the semiconductor 
laser, in the optical system using the objective lens having the light source of the short wavelength and the high image 
side numerical aperture, when the semiconductor laser deviated from the wavelength as the reference is used, it 
becomes a factor of the performance deterioration of the apparatus, and it may be necessary to select the semicon- 
ductor laser. An optical pick-up apparatus described in (5) is an optical pick-up apparatus comprising a light source, a 
converging optical system including the objective lens to converge the light flux emitted from the light source onto the 
information recording plane through the transparent substrate of the optical infomnation recording medium, and a light 
detectorfor light-receiving the reflected light from the optical infomiation recording medium, wherein, because a means 
for correcting the variation of the spherical aberration generated in the objective lens due to the minute variation of the 
wavelength of the light source, is provided between the light source and the objective lens, the variation of the spherical 
aberration of the objective lens caused when the semiconductor laser deviated from the wavelength as the reference 
is used, can be effectively suppressed, thereby, the selection of the semiconductor laser is not necessary. 

(6) An optical pick-up apparatus comprises a light source, a converging optical system including the objective lens to 
converge the light flux emitted from the light source onto the infonnatlon recording plane through the transparent sub- 
strate of the optical information recording medium, and a light detector for light-receiving the reflected light from the 
optical information recording medium, wherein, because a means for correcting the variation of the spherical aberration 
generated In the conversing optical system due to the temperature or humidity change is provided between the light 
source and the objective lens, thereby, for example, the variation of the spherical aberration of the objective lens caused 
due to the temperature or humidity change of the environment in which the optical pick-up apparatus Is used, can be 
effectively suppressed. 

(7) An optical pick-up apparatus comprises a light source, a converging optical system including the objective lens to 
converge the light flux emitted from the light source onto the infomnation recording plane through the transparent sub- 
strate of the optical information recording medium, and a light detector for light-receiving the reflected light from the 
optical infonnation recording medium, wherein, because a means for correcting the variation of the spherical abeaation 
generated in the light conversing optical system due to the minute variation of the oscillation wavelength of the tight 
source and the temperature or humidity change is provided between the light source and the objective lens, thereby, 
for example, the variation of the spherical aberration of the objective lens caused due to the temperature or humidity 
change of the environment in which the optical pick-up apparatus is used, and caused when the semiconductor laser 
deviated from the reference wavelength as the light source is used, can be effectively suppressed. 

(8) The optical pick-up apparatus described in (1) to (7) is characterized in that a means for correcting the variation of 
the spherical aberration includes at least one positive lens and at least one negative lens, and at least one of them is 
a movable element which can move in the optical axis direction. 

(9) Further, the optical pick-up apparatus described in (1) to (7) is characterized in that a means for correcting the 
variation of the spherical aberration has a positive lens group having the positive refractive power including at least 
one positive lens, and a negative lens group having the negative refractive power including at least one negative lens, 
and at least one lens group of them is a movable element which can move in the optical axis direction. 

[0014] In the optical pick-up apparatus used the light source of theshort wavelength, as described above, the variation 
of the spherical aberration due to the wavelength variation of the light source or the variation of the spherical aberration 
due to the temperature and humidity change is large. Particularly, when the objective lens of the high image side 
numerical aperture (high NA) or the objective lens composed of plastic material is used, the variation is increased. 
Accordingly, in the optical pick-up apparatus using the light source of the short wavelength, it is particularly necessary 
to provide a means for correcting the variation of these spherical aberration. When the spherical aberration of the 
objective lens is varied due to the minute change of the wavelength or the temperature or humidity change, by moving 
the movable element of a means for correcting the variation -of the spherical aberration by an appropriate amount, and 
by changing the slope angle of the marginal ray of the light flux incident to the objective lens so that the spherical 
aberration of the wave front formed on the information recording plane is minimum, the variation of the spherical ab- 
erration can be corrected. 

(10) , (11) The optical pick-up apparatus described respectively in (8) and (§) is characterized in that a means for 
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correcting the variation of the spherical aberration satisfies the following expression. 



vdP>vdN 



where, 



40 



vdP: an average of Abbe's nunnbers of d lines of the all positive lenses including the positive lens and 
vdN: an average of Abbe's numbers of d lines of the all negative lenses including the negative lens. 

onhf Ll^ ntr^f ?h ^r.?" ^ ^''^^ ^^^^^^^'^ aberration. Due to the minute variation 

o he waveleng h of the light source, or the temperature or humidity change, in the case where the spherical aberration 

t TZ f i r ''^"^u ' "'^^'^ ^ "'^^"^ correcting it is, for example, comprised of an optical element movable 

nf TT^T T ^ '""^ appropriate amount, the slope angle of the marginal 

ay of the light flux incident to the objective !ens can be changed so that the spherical aberration of the objective (ens 
s m nimum. For the ax.al chromatic aberration of the objective lens which becomes a problem when the short wave- 

rconsttt^^^^^^^^^ ' ^^^^^"''"9 ^Ph^"^^' ^^^rration 

IS constituted by the following structure. 

[0016] When the material of the positive lens and the negative lens in the means for correcting the variation of the 
spherical aberration is selected so that the above expression (1) is satisfied, the axial chromatic aberration which has 
the inverse sign to the axial chromatic aberration generated in the objective lens, can be generated. Accordingly 
because the axial chromatic aberration is cancelled with each other, the wave front when it is focused on the optical 
mfomation recording medium, transmitting through the means for correcting the variation of the spherical aben-ation 
and the object^e lens, is m the condition that the axial chromatic aberration is suppressed to small. When the diffractive 
surface 's Provided to the objective lens and/or to the means for correcting the variation of the spherical aberration 
because the back focus length of the diffractive surface decreases as the wavelength increases, the aberration can 
l^JZZ 'corrected. In this case, because the role of the correction of the axial chromatic aberration can be 

allotted to the means forcorreoting the variation of the spherical aberration and the diffractive surface, when the means 
for correctmgthe variation of the spherical aberration comprises, for example, theoptical element movable in the optical 
axis direction, the stroke of such the optical element can be small. 

[001 7] Further, when the role of the correction the correction the axial chromatic aberration correction is allotted to 
the means for con-ect.ng the variation of the spherical aberration and the diffractive surface, the power of the diffractive 
surface can be reduced to small, thereby, the interval of annular bands of the diffractive surface Is increased so that 
he diffraction efficiency of the diffractive surface can be increased. Accordingly, without separately providing the means 
^r correcting the variation of the spherical aben-ation and the means for correcting the axial chrornatic aberration even 
Inlrl? ^^^Tl t ^'^\*^^^'^"9«' °r tf^e temperature or humidity change is generated, a compact optical pick-up 
corri^^ ca^be obtlined^"''^' ^^^^^"^ ^"^ chromatic aberration is excellently 

!hf VdN LTicrr'?',,'"''''''"^ apparatus described respectively in (10) and (11) is characterized in that the vdP and 
the VdN satisfy the following expressions. 
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vdP > 55 (2) 



VdN < 35 



[001 8] When the difference of Abbe's number between the positive lens and the negative lens is increased, because 
the axial chromatic aberration of the inverse sign to that of the objective lens can be generated largely by the spherical 
aberration denation (variation) correcting element, the axial chromatic aberration of the optical pick-up optical system 
can be more excellently corrected. k k k pu^-ai oyaiem 

Ih!llri!7''''f Ik"""? ^PPf describo6 in (8), (10), or (12) is characterized in that, when the means forcorreoting 
he vanation o the sphencal aberration is structured by a positive lens group including the positive lens and a negative 
Hil^rT'Ti V^^^''''^ '^"^ expression is realized, and the optical pick-up apparatus 

«h^rr«ti.n f . ^"^^'^ " Characterized in that, for the means for correcting the variation of the spherical 

aberration, the following expression is realized. 
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Ad • IfP/fNI/ Avd ^0.05 (4) 

Where, 

5 

Ad: the movement amount (mm) of the movable element when the infomnation is recorded onto or reproduced 
from one infomnation recording plane of an arbitrary one optical information recording medium onto or from which 
the information can be recorded or reproduced; 

f P: the focal length (mm) of the positive lens group (where, when the diffractive surface is provided on the positive 
10 lens group, the total focal length in which the refractive power and diffractive power are combined) ; 

fN: the focal length (mm) of the negative lens group (where, when the diffractive surface is provided on the positive 
lens group, the total focal length in which the refractive power and diffractive power are combined) ; 
Avd: in the positive lens group and the negative lens group, the difference between the maximum value of Abbe's 
number of the positive lens and the minimum value of Abbe's number of the negative lens. 

15 

[0019] The above expression (4) relates to the paraxial power of the meansforcorrecting the variation of the spherical 
aberration and a balance of the movement amount of the movable element of the means tor correcting the variation 
of the spherical aberration . Herein, even though Avd is small, when the value of If P/f Nl is made large, the axial chromatic 
aberration of the objective lens can be finely corrected, and when the means for correcting the variation of the spherical 

20 aberration of the objective lensduetothe variation of the wavelength orthe temperature or humidity change is structured 
by using the optical element displaceable in the optical axis direction, the stroke of such the optical element can be 
suppressed to small, however, there is a possibility that the effective diameter of the positive lens group is too large, 
or the effective diameter of the negative lens group is too small. Reversely, when the value of the Avd is large, even 
when the value of If P/fNI is small, although the axial chromatic aberration of the objective lens can be finely corrected, 

25 the movement amount of the movable element of the means for correcting the variation of the spherical aberration 
necessary for correction of the spherical aberration becomes targe, therefore, there is a possibility that the size of the 
optical system becomes large. Accordingly, when the value of Ad • IfP/fNl/ Avd is made to satisfy the above expression 
(4), the balance of them can be attained, hat is, an axial chromatic aberration can be corrected well and further a 
compact optical system can be obtained. 

30 (16), (17) The optical pick-up apparatus described respectively in ((8). (10) or (12)) and ((9), (11) or (13)) can conduct 
the recording and/or reproducing of the information for at least 2 kinds of optical infomnation recording media, and 
because the means for correcting the variation of the spherical aberration changes the slope angle of marginal ray of 
the light flux incident to the objective lens for at least 2 kinds of optical infomnation recording media whose transparent 
substrate thickness are different from each other, corresponding to each transparent substrate thickness, the difference 

35 of the spherical aberration due to the difference of the transparent substrate thickness is corrected, and because the 
variation of the spherical aberration generated when the recording or the reproducing is conducted on each optical 
information recording medium, can be finely connected, the fine wave front can always be formed on the information 
recording plane. 

(18), (19) The optical pick-up apparatus described respectively in ((8), (10) or (10)) and ((9), (11) or (13) to (15)) can 

40 conduct the recording and/or reproducing of the information on the optical information recording medium in which a 
plurality of the transparent substrates and the information recording planes are laminated in order from the front surface 
side of the optical infonnation recording medium, and when the means for correcting the variation of the spherical 
aberration respectively conducts the light converging on each infomnation recording plane, because it changes the 
slope angle of the marginal ray of the incident light flux of the objective lens corresponding to the infonnation recording 

45 plane, the difference of the spherical aberration due to the difference in the thickness is corrected, and because the 
variation of the spherical aberration generated when the recording or reproducing is conducted on the respective in- 
formation recording plane, is finely corrected, the fine wave front can be respectively formed on the information re- 
cording plane for each information recording plane. As described above, the recording or reproducing of the information 
can be finely conducted also on the optical information recording medium having 2 layer- or the more layer-information 

50 recording planes. For example, when the objective lens is moved in the optical axis direction, the focusing can be 
conducted on desired one information recording plane, and in this case, because the spherical aberration varied due 
to the difference of the thickness up to the infonnation recording plane is mainly 3 order spherical aberration, when 
the movable element of the means for correcting the variation of the spherical aberration is moved along the optical 
axis direction, the variation of the spherical aben-ation can be finely corrected. Accordingly, the recording or reproducing 

55 of the information of 2 times or the more, can be conducted on the surface of the single side of the optical information 
recording medium. 

(20), (21) The optical pick-up apparatus described respectively in (16) and (17) is characterized in that, in the case 
where two kinds of transparent substrate thickness of the optical information recording medium are respectively a and 
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li^uJ^rlZ information ,s recorded or reproduced on the optical information recording medium of the transparent 
wh/rlfh f ^' '"'T" "^^^^'^^ '^"^ t"^^ P°=i«ve lens is increased more than the case 

stJi th^knlTb " °' •■eP'-oduced on the optical information recording medium of the transparent sub- 

• !h?v?rratifn''rf' t^^Th^^'TK' "T"'''' 6), (1 8), or (20) is characterized in that, when the means for correcting 
npr,«Z n " P°^"'^« '^"^ 9^°"P '"^"^ding the positive lens and the 

negative lens group including the negative lens, the following expression is satisfied 

latisfTed. "^'""^^ ^PP^*"^*^^ ''^"^"^^^ 7). (1 9) or (21 ) is character^ed in that the following expression is 

IfP/fN I a 1 .3 

Where, 

f P: the focal length (mm) of the positive lens group (where, when the diffractive surface is provided on the positive lens 
InZ 1" '^"S^*^ -^^^^ refractive (refracting) power and diffractK^e (diSracting) power a^ totaled) 

Tens a^ouo t^^^f VT ^'^^^ ^ P^^' ' '^d on the neg^ve 

™, '^"9^" ^^"''^ refracting power and diffracting power are totaled) 

va?SL If?h ^'^^r ^^PT''°" '^^ '° relationship of the paraxial power of the means for correcting the 

unrrTh. K t'"'^ \ ""j"''""^ '^"^ '^"^-^^^ ^° the aberration is minimum 

TuiZT. ^^tl^e transparent substrate having the specific thickness, when the thickness of the transparent 

r^n Tl Changed, by moving the movable element In the means for correcting the variation of the sphericaLer- 

Lbrr^tion TZ"7 T ^""'^ °' ^""'9'"^' -"^^ °' '"^'"^^"^ "9^* ^'"'^ '^^^"Se'^ tf^^t the spherical 

aberration of the objective lens is minimum to the thickness. Accordingly, when the paraxial power of the means for 

Of H ' '''''''' -P--'- - -t-f'ei re st^ke 

?L?tu ' decreased, thereby the totally compact optical system can be obtained 

iadalon Tth" ""^ r^r'^*"' °' Characterized in that the means for correcting the 

variation of the sphencal aberration has a transfer apparatus to transfer the movable element along the optteal axis 
corresponding to the variation of the spherical aberration ^ 

'^^tl^lZ'Zf P''='^-"P/PP«^^*^^ described In one of (8) to (24) is characterized in that the movable element is formed 

T^ln ? ''^'"^ '^'^"^ ^-^^ ■^'^^^''y- ^"^d^" °^ "^°^^t"e device can be lightened 

ifni In^ T "'t r ^^^T'' •^^''"""^^ °^ *° characterized in that at least one of the positive 

Lb.ni?ion "T"^ " °' P'"'*'^ P^rticulariy. when the movable element of the spherical 

aberration correction means is made of the plastic material, the burden onto the transfer apparatus can be lightened 

(27, rtf P[°^f d «re formed of the plastic material, diffractive surface or aspherical suriace can be easily added 
(27) The optical pick-up apparatus described in one (8) to (25) is characterized in that the movable element is formed 

Iv^nI ''i ^rV""'- "'^'^'^ '''' '^'''^^ ^^''^"^ -^'^ -«-'"ed. thereby, the bu^en oUhe 

movable device can be lightened. Further the diffractive structure can be easily added 

linl InH tTi""^' ^T""? ^Pf ^^^^^ '^^^'^"^ed in one of (8) to (27) is characterized in that at least one of the positive 

IcrfbeSl JhVpQ^K T ''^ ^'P'^""' '"^"'^ °" '^"^^ ^"""^^^^ ^" "Pti'^^' P'-^-^P apparatus de' 
lm!nt R ^^'"V^^P^* Characterized in that it has the aspherical surface on at least one surface of the movabte 

Sn the l^H n'"? ' '""""^ """^'^^'"S '^"^ °f the spherical aberration can 

whrth. ^ H P^-^^^^^^e optical system by the aberration con-ection action of theaspherical surface. Particularly 

tTr^rn " °" '""^^^'^ 'deterioration of the wave front aberration at the 

time of the decenter of movable element can be prevented. «rrciiion ai me 

(30) The optical pick-up apparatus described in one of (8) to (29) is characterized in that the means for correcting the 
ZTT. o r^'f " °' --ter absorption is not larger than 0 5 J 

iarillon of th ^ h .^T^^^*"" ^^^^""^'^ °"e of (8) to (30) is characterized in that the means for correcting the 
variation o the spherical aberration is fonned of the material whose internal tr^nsmittance at the thickness of 3 mm 
IS not smaller than 85 % to the light of the oscillation wavelength of the light source 

Salon IfT' P''='^-."P,^PP^'-^tus described in one (8) to (31 ) is characterized in that the means for correcting the 
yar ation of the spherical aberration is structured by one positive lens and one negative lens 

h?Jn"hTtr'r' ^T"^ «PPf r^tus described in one of (8) to (32). because the means for correcting the variation of 
\T" '"^ "'"""^"^ P^^"'^^'^ d**fr^^tK.e surface having the ring shaped dif- 

hTrlrf H '^^^ ""^'^^'^^•y '^^^^^ted by using such the diffractiveTurface 

^e ?v thl'tr "T^l^'^ '^'^^'^^^''^ '^'"r^'^tion correction is newly provided' 

thereby, the low cost and space saving can be attained. In this connection." the optical element provided with the 
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diffractive surface includes one lens of the lens group, and accordingty, it includes one side of the positive lens group 
or the negative lens group. Further, it also includes the optical element separately provided other than those lenses. 

(34) The optical pick-up apparatus described In one of (1) to (7) is characterized in that the nneans for correcting the 
variation of the spherical aberration has the element whose refractive index distribution can be changed. As such the 

5 element, there is an element such as the element SE using the liquid crystal which will be described later referring to 
Fig. 24 and Fig. 24, however the element is not limited to this. 

(35) An optical pick-up element comprises the light source; the converging optical system including the objective lens 
to light converge the light flux emitted from the light source onto the information recording plane through the transparent 
substrate of the optical information recording medium; and the light detector to light receive the reflected light from the 

10 optical information recording medium. Wherein, because a means for correcting the variation of the spherical aberration 
generated in the objective lens, and the axial chromatic aberration generated in the objective lens is provided between 
the light source and the objective lens, the variation of the spherical aberration of the objective lens generated when 
the wavelength of the semiconductor laser as the light source is minutely varied, can be effectively suppressed. Fu rther, 
even when the refractive index change is generated in the objective lens corresponding to the environmental temper- 
as ature or humidity change, the variation of the spherical aberration of the objective lens due to that, can be effectively 
suppressed. Further, because the axial chromatic aberration generated in the objective lens can be effectively correct- 
ed, even when the instantaneous mode hopping of the oscillation wavelength to which the spherical aberration cor- 
rection means or focusing of the objective lens can not follow is generated, a fine wave front can be always formed on 
the infomnation recording plane. 
20 (36) the optical pick-up apparatus described in (35) is characterized in that the means for correcting the variation of 
the spherical aben-ation and the axial chromatic aberration includes at least one positive lens and at least one negative 
lens, and at least one of them is a movable element which can be transferred in the optical axis direction. 

(37) Further, the optical pick-up apparatus described in (35) is characterized in that the means for correcting the variation 
of the spherical aberration and the axial chromatic aberration includes the positive lens group having the positive 

25 diffracting power including one positive lens and the negative lens group having the negative diffracting power including 
one negative lens, and at least one lens group of them is a movable element which can be transferred in the optical 
axis direction. 

[0021] In the optical pick-up apparatus used for the light source of the short wavelength, as described above, the 
variation of the wavelength of the tight source or the variation of the spherical aberration due to the temperature or 

30 humidity change is large. Particularly, when the objective lens of the high image side numerical aperture (high NA) or 
the objective lens fomned of the plastic material is used, the variation is increased. Accordingly, in the optical pick-up 
apparatus using the light source of the short wavelength, it is particularty necessary that the means for correcting the 
variation of these spherical aberration is provided. When the spherical aberration of the objective lens is varied due to 
the minute variation of the wavelength of the light source or the temperature or humidity change, by moving the movable 

35 element of the correction means for the variation of the spherical aberration and the axial chromatic aberration by an 
appropriate amount, when the divergent angle of the light flux (slope angle of the marginal ray of the incident light flux) 
incident to the objective lens is changed so that the wave front aberration of the wave front formed on the information 
recording medium is minimum, the variation of the spherical aberration can be corrected. 

(38) , (39) The optical pick-up apparatus described respectively in (36) and (37) is characterized in that the means for 
40 correcting the variation of the spherical aberration and the axial chromatic aberration satisfies the above expression (1 ) . 

[0022] The above expression (1) relates to the correction of the axial chromatic aben-ation. In the case where the 
spherical aberration of the objective lens is varied due to the minute variation or the temperature or humidity change, 
when the means for correcting this is structured by using the optical element transferable, for example, in the optical 
axis direction, the optical element is moved by an appropriate amount, and slope angle of marginal ray of the light flux 
45 incident to the objective lens can be changed so that the spherical aberration of the objective lens is minimum. The 
axial chromatic aberration of the objective lens which is a problem when the light source of the short wavelength is 
used, can be corrected when a means for correcting the variation of the spherical aberration and the axial chromatic 
aberration has the following structure. 

[0023] When the material of the positive lens and the negative lens in the means for correcting the variation of the 
50 spherical aberration and the axial chromatic aberration is selected so as to satisfy the expression (1 ), the axial chromatic 
aberration of inversal sign to the axial chromatic aberration generated in the objective lens can be generated. Accord- 
ingly, because the chromatic aberrations are cancelled with each other, the wave front when it is focused onto the 
optical infomiation recording medium through the means for correcting the variation of the spherical aberration and 
the axial chromatic aberration and the objective lens, is in the condition that the axial chromatic aberration is suppressed 
55 to small. When the diffractive surface is provided to the objective lens and/or the means for correcting the variation of 
spherical aberration and the axial chromatic aberration, because the back focus length of the diffractive surface de- 
crease as the wavelength increases, the aberration can be more finely corrected. In this case, because the role of the 
axial chromatic correction can be allotted to the means for correcting the variation of the spherical aberration and the 
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ax.al chromatic aberration and to the diffractiv/e surface, when, for example, the means for correcting the variation of 
he spherical aberration and the axial chromatic aberration is structured by using the optical element transferable in 
the optical axis direction, the stroke of such the optical element is enough to be short 

[0024] Further, when the role of the correction the axial chromatic correction can be allotted to the means for cor- . 
recting the vanation of the spherical aberration and the axial chromatic aberration and to the diffractive surface the 
power of the diffractive surface can be reduced, thereby, the interval of annular bands of the diffractive surface is 
increased, so that the diffraction efficiency of the diffractive surface can be increased. Accordingly, it is not necessary 
that the means for correcting the variation of the spherical aben-ation and the means for correcting the axial chromatic 
aberration are separately provided, and even when the wavelength variation or the temperature or humidity change is 
generated the compact optical pick-up apparatus by which the spherical aberration of the whole optical system and 
the axial chromatic aberration are finely corrected, can be obtained. 

t^^'^lV ''^^''^^ ^^^'""^ apparatus described respectively in (38) and (39) is characterized in that the vdP and 
the vdN satisfy the above expressions (2) and (3). 

[0025] When the difference between Abbe's numbers of the positive lens and the negative lens is increased because 
the axial chromatic aberration of the inverse sign to that of the objective lens can be generated largely by the spherical 
aberration deriation correcting elementthe axial chromatic aberration of the optical pick-up optical system can be more 
finely corrected. 

(42) The optical pick-up apparatus described in (36), (38) or (40) is characterized in that, when the means for con-ectinq 
the vanation of the spherical aberration and the axial chromatic aberration is structured by the positive lens group 
mcludmg the positive lens and the negative lens group including the negative lens, the above expression (4)is realized 

(43) The optical pick-up apparatus described in (37), (39) or (41) is characterized in that the means for correcting the 
vanation of the spherical aberration and the axial chromatic aberration satisfies the above expression (4) 

[0026] The above expression (4) relates to the correction amount of the axial chromatic aberration of the objective 
lens, the paraxial power of the means for correcting the variation of the spherteal aberration and the axial chromatic 
aberration, and a balance of the movement amount of the movable element of the means for correcting the variation 
of he sphencal aberration and the axial chromatic aberration. Herein, even when the value of Avd is small, when the 
value of IfP/fNI is increased, the axial chromatic aberration of the objective lens can be finely corrected and when the 
means for correcting the variation of the spherical aberration and the axial chromatic aberration by which the variation 
of the spherical aben-ation of the objective lens due to the wavelength variation or the temperature or humidity chanqe 
can be corrected, is structured by the optical element movable In the optical axis direction, the stroke of such the optical 
element can be suppressed to small, however, there is a possibility that the effective diameter of the positive lens group 
becomes too large, or the effective diameter of the negative lens group becomes too small. Reversely, when the value 
of Avd IS increased, even when the value of If P/fNI is small, the axial chromatic aberration of the objective lens can be 
finely corrected however, the movement amount of the movable element of the means for correcting the variation of 
the sphencal aberration and the axial chromatic aberration is increased, therefore, there is a possibility that the size 
of the optical system becomes large. Accordingly, when the value of Ad -IfP/fNI/Avd is made to satisfy the above 
expression (5), the balance of them can be attained. That is, an axial chromatic aberration can be corrected well and 
further a compact optical system can be obtained. 

(44) The optical pick-up apparatus described in (36), (38) or (40) is character^ed in that, when the means for correcting 
the vanation of the spherical aberration and the axial chromatic aben-ation is structured by the positive lens qroup 
mcluding the positive lens and the negative lens group including the negative lens, the next expression is realized 

(45) The optical pK^k-up apparatus described in (37), (39), or (41 ) to (43) is characterized in that the means for correcting 
the vanation of the spherical aberration and the axial chromatic aberration satisfies the next expression. 

Ad -IfP/fNI S 0.50 (g) 

Where, Ad: the movement amount (mm) of the movable element when the information is recorded onto or reproduced 
from one information recording plane of an arbitrary one optical infomiation recording medium onto or from which the 
infomnation can be recorded or reproduced; fP: the focal length (mm) of the positive lens group (where, when the 
diffrac ive surface is provided on the positive lens group, the whole focal length in which the refracting power and 
diffracting power are totaled); fN: the focal length (mm) of the negative lens group (where, when the diffractive surface 
IS provided on the positive lens group, the whole focal length in which the refracting power and diffracting power are 
totaled); and Avd: in the positive lens group and the negative lens group, the difference between the maximum value 
of Abbe s number of the positive lens and the minimum value of Abbe's number of the negative lens 
[0027] Incidentally, it may be preferable that Ad is defied as followed: Ad is a shifting distance necessary to correct 
the spherical aben-ation deviation lower than X mis where the spherical aberration deviation occurs when the temper- 
ature raises -i- 30 "C above the reference temperature (preferably, 15 to 35 °C). 
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[0028] The above expression (6) relates to the correction amount of the axial chronnatic aberration of the objective 
lens, the paraxial power of the nneans for correcting the variation of the spherical aberration and the axial chronnatic 
aberration, and a balance of the nriovement amount of the nnovable element of the nneans for correcting the variation 
of the spherical aberration and the axial chromatic aben-ation. When the refracting power as the refractive lens of the 

5 means for correcting the variation of the spherical aberration and the axial chromatic aberration, and the diffracting 
power of the diffractive surface added to the means for correcting the variation of the spherical aberration and the axial 
chromatic aberration, are appropriately combined, the axial chromatic aberration of the objective lens can be corrected. 
At this time, in the case where the means for correcting the variation of the spherical aberration and the axial chromatic 
aberration, by which the variation of the oscillation wavelength of the light source and the variation of the spherical 

10 aberration of the objective lens due to the temperature or humidity change are con-ected, is structured by using the 
optical element transferable in the optical axis direction, when the stroke of such the optical element is too large, the 
problem that the spherical aberration can not be finely corrected, is generated. Accordingly, in the above expression 
(6), when the value of Ad - IfP/fNI is made not larger than 0.50. the balance of the correction of the axial chromatic 
aberration and the correction of the spherical aberration of the objective lens can be finely maintained. 

75 (46), (47) In the optical pick-up apparatus described respectively in ((36), (38) or (40)) and ((37), (39), or (41) to (45)), 
the recording and/or reproducing of the information can be conducted on two kinds of optical infomnation recording 
media, and because the means for correcting the variation of the spherical aberration and the axial chromatic aberration 
changes the slope angle of the marginal ray of the light flux incident to the objective lens to at least 2 kinds of optica! 
information recording medium whose transparent substrate thickness are different from each other, corresponding to 

20 the respective transparent substrate thickness, the difference of the spherical aberrations due to the difference of the 
transparent substrate thickness is corrected, and further, because the variation of the spherical aberration generated 
when the recording or reproducing is conducted on the respective optical information recording medium, is finely cor- 
rected, the fine wave front can be always fomned on the information recording plane. 

(48), (49) In the optical pick-up apparatus described respectively in ((36), (38) or (40)) and ((37), (39), or (41) to (45)). 

25 the recording and/or reproducing of the information can be conducted on the optical infomnation recording medium in 
which a plurality of transparent substrates and the information recording layers are laminated in the order from the 
front surface side of the optical information recording medium, and when the means for correcting the variation of the 
spherical aberration and the axial chromatic aberration respectively converges the light onto respective information 
recording planes, corresponding to the information recording layer, because the slope angle of the marginal ray of the 

30 light flux incident to the objective lens is changed, the difference of the spherical aberrations due to the difference of 
the thickness up to the infomnation recording plane is corrected, and further, because the variation of the spherical 
aberration generated when the recording or reproducing is conducted on the respective optical infomnation recording 
medium, is finely con-ected, the fine wave front can be always fomned respectively on the infomnation recording plane 
for each of respective information recording plane. As described above, even for the optical infomnation recording 

35 medium on whose single side surface the 2 layers or the more information recording planes are provided, the recording 
or reproducing of the information can be finely conducted. For example, when the objective lens is moved in the optical 
axis direction, the focusing can be obtained on one information recording plane, and in this case, because the spherical 
aberration varied by the difference of the thickness up to the infomnation recording plane is mainly the tertiary order 
spherical aberration, when the movable element of the means for correcting the variation of the spherical aberration 

40 and the axial chromatic aberration is transferred along the optical axis direction, the variation of the spherical aberration 
can be finely con-ected. Accordingly, the recording or reproducing of the 2 times or more information can be conducted 
on the single side surface of the infomnation recording medium. 

(50), (51 ) The optical pick-up apparatus described respectively in (46) and (47) is characterized in that, when the trans- 
parent substrate thickness of the 2 kinds of optical information recording media are respectively a and b (a < b), in the 
45 case where the recording or reproducing the information is conducted on the Information recording plane of the optical 
infonnation recording medium of the transparent substrate thickness a, the interval between the negative lens and the 
positive lens is more Increased than the case where the recording or reproducing of the infomnation is conducted on 
the information recording plane of the optical information recording medium of the transparent substrate thickness b. 

(52) The optical pick-up apparatus described in (46), (48) or (50) is characterized in that, when the means for correcting 
50 the variation of the spherical aberration and the axial chromatic aben-ation is stmctured by the positive lens group 

including the positive lens and the negative lens group including the negative lens, the above expression (5) is satisfied. 

(53) The optical pick-up apparatus described in (47), (49) or (51) is characterized in that the above expression (5) is 
satisfied. 

[0029] The above expression (5) relates to the relationship of the paraxial power of the means for connecting the 
55 variation of the spherical aberration and the axial chromatic aberration. In the case where the objective lens is corrected 
so that the aberration is minimum under the combination of the transparent substrate having the specific thickness, 
when the thickness of the transparent substrate is changed, by moving the movable element in the means for correcting 
the variation of the spherical aberration and the axial chromatic aberration, it is necessary that slope angle of the 
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marginal ray of the incident light flux is changed so that the spherical aberration of the objective lens is minimum to 
the thickness. Accordingly, when the paraxial power of the means for correcting the variation of the spherical aberration 
and the axial chromatic aberration is selected so that the above expression (5) is satisfied, the stroke of the movable 
element is decreased, thereby the totally compact optical system can be obtained 

(54) The optical pick-up apparatus described in one of (36) to (53) is characterized in that the means for correcting the 
variation of the spherical aberration and the axial chromatic aberration has the transfer apparatus to transfer the mov- 
able element along the optical axis con-esponding to the variation of the spherical aberration 

(55) The optical pick-up apparatus described in one of (36) to (54) is characterized in that the movable element is 
fomied of the material whose density is not larger than 2.0. Thereby, the burden of the movable element onto the 
transfer apparatus can be lightened. 

(56) The optical pick-up apparatus described in one of (36) to (55) is characterized in that at least one of the positive 
lens and the negative lens is fomied of the plastic material. Particularly, when the movable element of the means for 
correcting the variation of the spherical aberration and the axial chromatic aberration is made of the plastic material 
the burden onto the transfer apparatus can be lightened, and high speed tracking becomes possible. Further when 
the components on which the diffractive surface oraspherical surface is provided, are formed of the plastic material 
dittractive surface on aspherical surface can be easily added. 

(57) The optical pick-up apparatus described in one of (36) to (55) Is characterized in that the movable element is 
fomed of the plastic material. Thereby, the weight reduction of the optical system can be attained, thereby, the burden 
of the movable device can be lightened. Further, the diffractive structure can be easily added 

(58) The optical pick-up apparatus described in one of (36) to (57) is characterized in that at least one of the positive 
lens and the negative lens has the aspherical surface on at least one surface, and an optical pick-up apparatus de- 
scnbed in the 59th aspect Is characterized in that it has the aspherical surface on at least one surface of the movable 
element. By providing the aspherical surface, the means for con-eoting the variation of the spherical aberration and the 
axial chromatic aben-ation can obtain the good performance optical system by the aberration correction action of the 
aspherica surface. Particulariy, when the aspherical surface is provided on the movable element, the deterioration of 
the wave front aben-ation at the time of the decenter of movable element can be prevented 

(60) The optical pick-up apparatus described In one of (36) to (59) is characterized in that the means for con-ecting the 
vanation of the spherical aberration and the axial chromatic aben-ation is fomied of the material whose saturate water 
absorption is not larger than 0. 5 %. 

(61 ) The optical pick-up apparatus described In one of (36) to (60) is characterized in that the means for correcting the 
variation of the spherical aberration and the axial chromatic aberration is formed of the material whose internal trans- 
mittance at the thickness of 3 mm, is not smaller than 85 % to the light of the oscillation wavelength of the light source 

(62) The optical pick-up apparatus described in one of (36) to (61 ) is characterized in that the means for correcting the 
vanation of the spherical aberration and the axial chromatic aberration is structured by one positive lens and one 
negative lens. 

(63) In the optical pick-up apparatus described in one of (36) to (62), because, when the means for correcting the 
variation of the spherical aberration and the axial chromatic aberration includes the optical element provided with the 
diffractive surface having the ringshaped diffractive structure, the axial chromatic aberration can be effectively corrected 
by using such the diffractive surface, therefore, it is not necessary that the optical element for the axial chromatic 
diffrac ion correction is newly provided, thereby, the low cost and space saving can be attained. In this connection the 
optical element provided with the diffractive surface includes one lens of the lens group, and accordingly, it includes 
one side of the positive lens group or the negative lens group. Further, it also includes the optical element separately 
provided other than those lenses. h'a'aiciy 

(64) The optical pick-up apparatus described in (35) is characterized in that the means for correcting the variation of 
the spherical aberration and the axial chromatic aberration has the element whose refractive index distribution can be 
Changed. 

(65) The optical pick-up apparatus described in (64) is characterized in that the means for correcting the variation of 
he sphencal aberration and the axial chromatic aben-ation has a coupling lens provided with the function for correcting 

the axial chromatic aberration of the objective lens. 

(66) The optical pick-up apparatus described in one of (1) to (65) is characterized in that it has the optical element 
provided with the diffractive surface having the ring shaped diffractive structure. 

(67) The optical pick-up apparatus described (66) is characterized in that the objective lens is the optical element 
(optical element provided with the diffractive surface haying the ring band shaped diffractive structure) 

(68) The optical pick-up apparatus described in (67) is characterized in that at least one surface of the objective lens 
IS an asphencal single objective lens, and satisfies the following expression. 

5.0 g fD/f ^ 40.0 (7) 
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Where, fD: when the diffractive structure of the objective lens is expressed by the optical path difference function 
defined by Ob = b2h2 +b4h'* + beh® + ... (herein, h is the height (mnn) from the optical axis, and bg, b4, bg. ... are the 
optical path difference function coefficients of the second order, fourth order, sixth order, ...), the focal length, which is 
defined by fD = 1/{-2 • bs). at the wavelength of the light source by only the diffractive structure of the objective lens, 
5 and f; the focal length at the oscillation wavelength of the light source of the whole objective lens in which the refractive 
power of the objective lens and the diffractive power are combined with together. 

(68) An optical pick-up apparatus relates to the correction of the axial chromatic aberration of the objective lens used 
for the optical pick-up apparatus by which the variation of the spherical aberration can be finely corrected. When the 
short wavelength laser light source of the wavelength of about 400 nm and the objective lens having the high image 

10 side numerical aperture of about NA 0.85 are used, from the above reason, the correction of the axial chromatic ab- 
erration generated in the objective lens can become a important problem. This problem is solved by providing the 
diffractive structure having the focal length satisfying the above expression (7) on the objective lens. Because this 
diffractive structure has the wavelength characteristic which changes in the direction in which the back focus becomes 
short, when the refracting power as the refractive tens and the diffracting power as the diffractive lens are appropriately 

15 selected so as to satisfy the above expression (7), the axial chromatic aberration generated in the objective lens can 
be corrected. It can be conducted that the value of the fD/f is not smaller than the lower limit of the above expression 
(7) and the axial chromatic aberration of the objective iens is not too excessively corrected, and the value of the fD/f 
is not larger than the upper limit of the above expression (7) and the axial chromatic aberration of the objective lens is 
not too insufficiently corrected. Further when the axial chromatic aberration of the objective lens is in the excessively 

20 corrected condition, the axial chromatic aberration generated in each optical element included in the converging optical 
system can be just cancelled by the objective iens, which is preferable. 

(69) The optical pick-up apparatus described in one of (33), (63), one of (66) to (68) is characterized in that the diffractive 
structure is structured so that the n-order diffraction light (herein, n is an integer other than -1 , 0 and +1 ) whose diffraction 
light amount is larger than that of any other order diffraction light, in the diffraction light generated by the diffractive 

25 structure, is generated, and for the recording and/or reproducing of the information to the optical information recording 
medium, the n-order diffraction light can be light converged onto the information recording plane of the information 
recording medium. 

[0030] The optical pick-up apparatus described in (69) particularly relates to the optical system used in the optical 
pick-up apparatus in which the recording or reproducing of the information by using the higher order diffraction light 

30 than 2-order generated in the diffractive stnjcture is conduced on the optical information recording medium. When the 
n-order diffraction light is used, as compared to the case where +1 order or -1 order diffraction light is used, because 
the ring band interval (ring band pitch) of the diffractive structure can be increased to about n times and the ring band 
number can be made to about 1/n, the iens molding die for adding the diffractive structure can be easily produced, and 
the processing time of the molding die can be reduced, andthe lowering of the diffraction efficiency due to the processing 

35 . production error can be prevented. 

(70) The optical pick-up apparatus described in one of (8) to (33) is characterized in that, in the means having the 
optical element provided with the diffractive surface having the ring band shaped diffractive structure and for connecting 
the variation of the spherical aberration, respective Abbe's numbers of all positive lenses including the positive lens 
are not larger than 70.0. or respective Abbe's numbers of all negative lenses including the negative lens are not smaller 

40 than 40.0. 

(71) The optical pick-up apparatus described in one of (36) to (63) is characterized in that, in the means having the 
optical element provided with the diffractive surface having the ring band shaped diffractive structure and for connecting 
the variation of the spherical aberration and the axial chromatic aberration, respective Abbe's numbers of all positive 
lenses including the positive lens are not largerthan 70.0, or respective Abbe's numbers of all negative lenses including 

45 the negative lens are not smaller than 40.0. 

[0031] The optical pick-up apparatus described in (70) relates to a preferable structure of the means for correcting 
the variation of the spherical aberration by which the axial chromatic aberration generated in the objective lens can be 
corrected, and the optical pick-up apparatus described in (71) relates to a preferable structure of the means for cor- 
recting the variation of the spherical aberration and the axial chromatic aberration by which the axial chromatic aber- 

50 ration generated in the objective lens can be corrected. When Abbe's number of the positive lens structuring the means 
for correcting the variation of the spherical aberration orthemeansforcorrectingthe variation of the spherical aberration 
and the axial chromatic aberration is not largerthan 70.0 or Abbe's number of the negative lens stnjcturing the means 
is not smaller than 40.0, the axial chromatic aberration generated in the objective lens is apt to be insufficient correction. 
In this case, when the diffractive surface having the diffractive structure having the wavelength characteristic so that 

55 the back focus of the objective lens becomes short when the oscillation wavelength of the light source is minutely 
varied to the long wavelength side is provided on at least one surface of the component of the means for correcting 
the variation of the spherical aberration or the means for correcting the variation of the spherical aberration and the 
axial chromatic aberration, the axial chromatic aberration of the objective lens can be finely corrected. Further, when, 
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on this diffractive surface, the spherical aberration characteristic in which the spherical aberration of the objective lens 
. becomes insufficient correction when the oscillation wavelength of the light source is minutely varied to the long wave- 

engthside,isprovided,thespherical aberration generated when theoscillation wavelength ofthelightsource is minute- 
ly varied to the long wavelength side, can also be corrected. Further, when Abbe's number of the positive lens is not 
larger than 70.0. the strength is excellent, the production is easy, and also for the anti-environment, it is good On the 
one hand when Abbe's number of the negative lens is not smaller than 40.0. the penetrability for the light of short 
wavelength is excellent. For both the positive lens and the negative lens, it is preferable that Abbe's numbers are not 
smaller than 40.0 and not larger than 70.0. 

(72) The optical pick-up apparatus described in (70) is characterized in that the means for correcting the variation of 
the sphencal aberration, and further, (73) the optical pick-up apparatus described in (71) is characterized in that the 
rneans for correcting the variation of the spherical aberration and the axial chromatic aberration is. respectively when 
the paraxial power in the oscillation wavelength of the light source is P1 ., the paraxial power in the wavelength which 
IS 1 0 nm shorter than the oscillation wavelength is P2. and the paraxial power in the wavelength which is 1 0 nm longer 
than the oscillation wavelength is P3. the following expression is satisfied. 

P2 < P1 < P3 

[0032] According to this, the role for correcting the axial chromatic aberration generated in the optical element such 
as the objective lens or the coupling lens can be allotted to a means for correcting the variation of the spherical aber- 
ration , or the means for correcting the variation of the spherical aberration and the axial chromatic aberration That is 
m the means itself for correcting the variation of the spherical aberration by the diffractive structure, or in the means 
Itself for correcting the variation of the spherical aberration and the axial chromatic aberration, the axial chromatic 
aberration is excessively corrected and by generating the axial chromatic aberration whose polarity is reverse to the 
axial chromatic aberration generated in the optical element such as the objective lens or coupling lens, the axial chro- 
matic aben-ation generated in the optical element such as the objective lens or coupling lens can be corrected 
(74) The optical pick-up apparatus described in (33). (63), or one of (66) to (73) is characterized in that the diffractive 
surface has the function to suppress the axial chromatic aberration generated in the objective lens with respect to the 
minute vanation of the oscillation wavelength of the light source 

12llI,';LTJ^Ln''^h"^,t?^rT."^ ^^^^* °* '° characterized in that, when the 

oscillation wavelength of the light source is minutely varied to the long wavelength side, the diffractive surface has the 
wavelength charactenstic so that the back focus of the objective lens becomes short. According to this the axial chro- 
matic aberration can be finely corrected. Particularty. when the axial chromatic aberration generated in the objective 
lens IS corrected by providing the diffractive surface on the coupling lens and/or the objective lens, even when the 
instantaneous wavelength change, such as the mode hop. on which the spherical aberration deviation means or the 
focusing of objective lens can not follow. Is generated, the spot diameter is not increased, and the stable recording or 
reproducing of the infomiation can be conducted. 

(76) The optical pick-up apparatus described in (33), (63), or one of (66) to (75) is characterized in that, when the 
oscillation wavelength of the light source is minutely varied to the long wavelength side, the diffractive surface has the 
sphencal aberration characteristic in which the spherical aberration of the objective lens is changed to the direction of 
the insufficient correction. Thereby, the spherical aberration generated when the oscillation wavelength of the light 
source is minutely varied to the long wavelength side, can be finely corrected 

(77) The optical pick-up apparatus described in one of (1) to (65) is characterized in that the light source has at least 
2 light sources of the light source of the oscillation wavelength X^ and the light source of the oscillation wavelength X2 

the converging optical system can converge the first light flux from the light source of the oscillation 
wavelength X1 onto the Infomnatlon recording plane of the first optical infomiation recording medium of the transparent 
substrate thickness t1 in the condition not larger than the wave front aberration 0.07 X1 rpm within a predetermined 
numerical aperture on the image side of the objective lens necessary for the recording or reproducing of the information 
and can corivergethe second lightflux emitted from the light source of the oscillation wavelength X2 onto the information 
recording plane of the second optical infomnatlon recording medium of the transparent substrate thickness t2 (t1 s t2) 
m the condition not larger than the wave front aben-ation 0.07 X2 rpm within a predetemnined numerical aperture on 
the image side of the objective lens necessary for the recording or reproducing of the information 
[0033] For example, m the case where recording or reproducing the information is conducted onto the optical infor- 
matuDn recording media of the different transparent substrate thickness, by using the short wavelength light source 
such as the blue purple semiconductor laser, when the design work is conducted so that the spherical aberration 
correction of he objective lens becomes optimum on the one side optfcal infomiation recording medium, the spherical 
aberration is largely generated at the time of recording or reproducing of the infomiation on the other optical information 
recording medium. More specifically, in the case where the combination of the objective lens and the optical information 



14 



BNSDOCID: tEP. 



.1154417A2J_> 



EP1 154 417 A2 



recording medium of the transparent substrate thickness t1 is con-ected so that the spherical aberration is minimum 
for the incidence of the infinite parallel light flux, when the optical infomnation recording medium having the transparent 
substrate thickness of t2 (> t1) is recorded or reproduced, the excessively corrected spherical aberration is generated 
in the objective lens. Reversely, when the optical information recording medium having the transparent substrate thick- 
5 - ness of t2'(< t1 ) is recorded or reproduced, the insufficently corrected spherical aberration is generated in the objective 
lens. 

[0034] In contrast to that, for example, when the diffractive surface is added to the objective lens, and the diffractive 
lens having the wavelength dependency in which the light flux of the different wavelength respectively forms the fine 
wave front onto the optical information recording medium whose transparent substrate thickness is different, is formed, 

10 the spherical aberration when the transparent substrate thickness Is different cam be finely corrected. As described in 
the optical pick-up apparatus of the 77th aspect, it is fine when the diffraction light of the short wavelength forms the 
fine wave front onto the optical information recording medium having the small transparent substrate thickness, and 
the diffraction light of the long wavelength fomris the fine wave front onto the optical infomnation recording medium 
having the large transparent substrate thickness. 

15 [0035] More specifically, it is preferable that, when the wavelength of the light source is minutely varied to the long 
wavelength side, the diffractive surface has the spherical aberration characteristic in which the spherical aberration of 
the objective lens is insufficiently corrected. Further, a divergent angle changing means for changing the divergent 
angle of the light flux is provided and when the divergent angle of the light flux incident to the objective lens is changed 
to the divergent angle corresponding to the object distance at which the spherical aberration becomes minimum, the 

20 spherical aberration of the objective lens can be more finely corrected. Particularly, when the light flux when the spher- 
ical aberration is minimum to the optical information recording medium having the transparent substrate thickness of 
t2, is the divergent light, the working distance can be easily secured. Because the role of the correction of the spherical 
aberration deterioration when the transparent substrate thickness is different can be allotted to the divergent angle 
change means and the diffractive surface, the movement amount of the movable portion of the divergent angle change 

25 means can be small. Further, when the role of the correction of the spherical aberration can be allotted to the divergent 
angle change means and the diffractive surface, the power of the diffractive surface can be reduced, and the interval 
of the diffraction ring band is increased, and the diffractive lens having the high diffraction efficiency can be easily 
produced. In this connection, in the above description, in the combination to the transparent substrate thickness t1 , 
the objective lens is corrected so that the spherical aberration becomes minimum to the infinite light flux, however, 

30 either objective lens may also be allowable in which, to the divergent light flux from the finite distance or the converging 
light flux toward the image side object, the spherical abeaation is corrected so as to be minimum, and it is of course 
that, by the same manner as the above description, the spherical aben-ation when the transparent substrate thickness 
is different can be corrected. 

(78) The optical pick-up apparatus described in (77) is characterized in that it has the optical element provided with 
35 the diffractive surface having the ring bans shaped diffractive structure. 

(79) The optical pick-up apparatus described in (78) is characterized in that it has the wavelength characteristic in 
which the diffractive surface of the optical element can converge the first light flux emitted from the light source of the 
oscillation wavelength X^ onto the infomnation recording plane of the first optical infomnation recording medium of the 
transparent substrate thickness t1 in the condition not larger than the wave front aberration 0.07 X^ rpm within a pre- 

40 detennined numerical aperture on the image side of the objective lens necessary for the recording or reproducing of 
the information, and can converge the second light flux emitted from the light source of the oscillation wavelength X2 
(X1 < 12) onto the information recording plane of the second optical information recording medium of the transparent 
substrate thickness t2 (t1 ^ t2) in the condition not larger than the wave front aben-ation 0.07 A2 rpm within a prede- 
termined numerical aperture on the image side of the objective lens necessary for the recording or reproducing of the 

45 infonnation. Specifically, the spherical aberration generated by the difference in the transparent substrate thickness is 
corrected by using the difference of the oscillation wavelengths of two light sources used for recording and/or repro- 
ducing the information for respective optical information recording media and the action of the diffractive structure 
provided on the diffractive surface. 

(80) The optical apparatus described in (79) is characterized in that, when, to the Infomnation recording plane of the 
50 first optical information recording medium, a predetermined numerical aperture on the image side of the objective lens 

necessary for the recording or reproducing of the information by the first light flux emitted from the light source of the 
oscillation wavelength X1 is NA1, and to the infonnation recording plane of the second optical infonnation recording 
medium, a predetemnined numerical aperture on the image side of the objective lens necessary for the recording or 
reproducing of the information by the second light flux emitted from the light source of the oscillation wavelength X2 is 
55 NA2 (NA1 > NA2), the diffractive surface of the optical element light-converges the second light flux emitted from the 
light source of the oscillation wavelength onto the infomnation recording plane of the second optical infomnation 
' recording rriedium within the NA1 , in the condition rfot smaller than the wave front aberration 0.07 X2 mns. 
[0036] Particularly, as described in (80), it is preferable that the spherical aberration is in the finely corrected condition, 
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to the combination of the oscillation wavelength X^ . transparent substrate thickness t1 and the image side numerical 
aperture NA1, and the spherical aberration up to the range of the image side numerical aperture NA2 necessary for 
the combination of the oscillation wavelength X2, transparent substrate thickness t2 and the image side numerical 
aperture NA2, is corrected by the action of the diffractive structure, and the spherical aberration of the range from the 
image side numerical aperture NA2 to NA1 is increased (it is largely generated as the flare component). Thereby, when 
the second light flux of the oscillation wavelength X2 is incident to so that it passes through the whole inside the 
diaphragm decided by the oscillation wavelength A.1 and the image side numerical aperture NA1 of the objective lens 
the light flux more than the image side numerical aperture NA2 does not contribute to the image focusing of the spot' 
and because the spot diameter is not too small on the information recording plane to the first optical information re- 
cording medium of the transparent substrate thickness t1 , the generation of the false signal or the detection of the 
unnecessary signal in the light receiving means of the optical pick-up apparatus can be prevented, and further, because 
It IS not necessary that, corresponding to the combination of the oscillation wavelengths of the respective light sources 
and the corresponding image side numerical apertures, a means for switching the diaphragm is provided a simple 
optical pick-up apparatus can be obtained. Particularly it is more preferable that the second light flux emitted from the 
light source of the oscillation wavelength 12 is converged onto the infomiation recording plane of the second optical 
infonriation recording medium, in the condition not smaller than the spherical aberration 0.2 X2 rms within the NA1 
(81) The optical pick-up apparatus described in one of (78) to (80) is characterized in that the objective lens is the 
optical element (the optical element provided with the diffractive surface having the ring band shaped diffractive struc- 
ture). An optical pick-up apparatus described in the 82th aspect is characterized in that at least one surface of the 
objective lens is an aspherical single lens objective lens, and satisfies the following expression 



5.0 S (f1/vd) fDI S 10.0 



(9) 



Where, f1: the focal length (mm) at the oscillation wavelength XI of the whole objective lens in which the refracting 
power of the objective lens and the diffracting power by the diffractive structure of the objective lens are combined with 
together; vd: Abbe's number of d line of the objective lens; and fDI : when the diffractive structure of the objective lens 
)t,^Tr^^tJ ^ ?^''''^' ^^^^ ^W^--^"^® defined by Ob = b^hS +b^h4 + bghe + ... (herein, h is the height 

(mrr^) from the optical axis, and bg. b^, bg, ... are the optical path difference function coefficients of the second order 

bvTniv IS nS^r -\ ''^ ?f '^Z^^^ ^^^"^'^ '° = "^-^ • ''s)^ ^^'^"'^t'on wavelength XI 

by only the diffractive structure of the objective lens. 

(83) The optical pick-up apparatus described in (81) is characterized in.that at least one surface of the objective lens 
is an aspherical single objective lens, and satisfies the following expression. 

-25.0 s (bg/XI) s 0.0 (10) 

Where, bg: the optical path difference function coefficient of the second order, when the diffractive structure of the 
objective lens is expressed by the optical path difference function defined by Ob = b^hS +b.h4 + b«he + (herein h is 
the height (mm) from the optical axis, and b^. b^, bg, ... are the optical path difference function coeffbients of the second 
order, fourth order, sixth order, ...) ; and XI : the oscillation wavelength XI (mm). (82), (83) An optical pick-up apparatus 
relates to the optical pick-up apparatus by which the axial chromatic aberration generated in the objective lens and 
ZlTfZ^V generated on each optical surface of the converging optical system can be finely 

corrected to a plurality of optical infomiation recording media whose transparent substrate thickness are different and 
particularly to a case in which, in the optical pick-up apparatus using the same order diffraction light to the light fluxes 
of a plurality of light sources whose wavelengths are different from each other, the diffractive stmcture is provided on 
the otjjective lens, and by the action of the diffractive structure, the axial chromatic aberrations of the same order 
diffraction light are respectively corrected. 

[0037] When the short wavelength light source (not larger than the oscillation wavelength about 500 nm) and the 
objective lens having the image side numerical aperture higher than the conventional Image side numerical aperture 
(for example, about N A0.45 for the CD, and about NA 0.6 for the DVD) are used, in order to suppress the generation 
of the coma small, it is particularly effective that the transparent substrate thickness of the optical infomiation recording 
medium is decreased to not larger than 0.2 mm, however, by satisfying the above expression (9), the axial chromatic 
aberration to both light fluxes of the short wavelength light source and the conventional long wavelength light source 
IS not excessively corrected, or insufficiently corrected, and can be corrected with well balance, and when the diffractive 
structure having the wavelength characteristic by which respectively fine spots are formed on the respective information 
recording planes to a plurality of optical information media whose transparent substrate thickness Is different is pro- 
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vided on the objective lens, also for the conventional optical information recording nnedium whose transparent substrate 
thickness (for example, 1.2 mm for the CD, and 0.6 mm for the DVD) is large, by a single optical pick-up apparatus (at 
least, the optical pick-up apparatus which commonly uses the objective lens and its drive mechanism), the recording 
or reproducing of the infomnation can be conducted. In the above expression (9). on more than the lower limit of the 

5 left side, the axial chromatic aberration is not excessively corrected for the light flux of the long wavelength light source 
of 600 nm to 800 nm, and on lower than the upper limit of the right side, the axial chromatic aberration is not insufficiently 
corrected for the light flux of the short wavelength light source not larger than 500 nm, and it is preferable. 
[0038] Further, by satisfying the above expression (10), the burden of the aberration correction by the diffractive 
structure provided on the objective lens can be lightened, that is, by satisfying the above expression (10), because it 

10 is possible that the role of the correction of the axial chromatic aben-ation generated in the converging optical system 
is not almost allotted to the diffractive structure provided on the objective lens, the ring band interval of the diffractive 
structure can be large, the number of ring bands can be small, and the objective lens with the high diffraction efficiency 
can be obtained. Herein, when ba = 0, it corresponds to a case where the axial chromatic aberration is not corrected 
by the diffractive structure provided on the objective lens, and when -25.0 ^ (b2/X1) < 0.0, it corresponds to a case 

15 where the axial chromatic aberration is corrected for the light flux of the short wavelength light source (not larger than 
about 500 nm), to the degree in which the axial chromatic aberration is not excessively corrected for the light flux of 
the long wavelength light source (about 600 nm to 800 nm). In this manner, the axial chromatic aberration of insufficient 
correction can be corrected when the means for correcting the variation of the spherical aberration arranged between 
the objective lens an the light source is structured by the structure described in the 10th, 11th, 33th, 38th, 39th, 63th, 

^0 and 65th aspects. Further, in the case where the axial chromatic aberration generated in the objective lens is corrected 
by the action of the diffractive stmcture, when Abbe's number of the material of the objective lens is vd, it is preferable 
that vd > 55.0 is satisfied, thereby, the second order spectrum can be suppressed to small. 

(84) The optical pick-up apparatus described in one of (78) to (83) is characterized in that the diffractive surface has 
a function to correct the axial chromatic aberration generated in the objective lens, for the minute variation of the 

25 oscillation wavelength of the light source. 

(85) In the optical pick-up apparatus described in one (78) to (84), because the diffractive surface has the wavelength 
characteristic in which the back focus of the objective lens becomes short when the oscillation wavelength of the light 
source is minutely varied to the long wavelength side, the axial chromatic aberration which is a problem when the short 
wavelength light source is used, can be finely corrected. 

30 (86) In the optical pick-up apparatus described in one (78) to (85) is characterized in that, when the oscillation wave- 
length of the light source is minutely varied to the long wavelength side, the diffractive surface has the spherical aber- 
ration characteristic in which the spherical aberration of the objective lens is varied to the direction of insufficient cor- 
rection. Thereby, because the role of the spherical aberration correction can be allotted to the means for correcting 
the variation of the spherical aberration or the means for con'ecting the variation of the spherical aberration and the 

35 axial chromatic aberration, and the diffractive surface, when the means for correcting the variation of the spherical 
aberration or the means for correcting the variation of the spherical aberration and the axial chromatic aberration, is 
structured by using the optical element movable in the optical axis direction, the stroke amount of the optical element 
is enough to be smalL Further, as described above, when the role of the spherical aben-ation con-ection is allotted to 
the means for con'ecting the variation of the spherical aberration or the means for correcting the variation of the spherical 

40 aberration and the axial chromatic aberration, and the diffractive surface, the power of the diffractive surface can be 
suppressed, and the because the interval of the diffraction ring band can be large, the optical element with the high 
diffraction efficiency can be easily produced. 

(87), (88) The optical pick-up apparatus described respectively in one of (1) to (65) and (77) is characterized in that 
the objective lens has at least the first part, the second part and the third part, on at 'least one surface, by which the 

45 light flux emitted from the light source is divided into a plurality of light fluxes in the order from the optical axis side to 
its outer periphery by the refractive action, wherein the first part and the third part can converge the light flux from the 
light source so that the recording or the reproducing of the information can be conducted for the infomnation recording 
plane of the first optical information recording medium of the transparent substrate thickness t1 , and the first part and 
the second part can converge the light flux from the light source so that the recording or the reproducing of the infor- 

50 mation can be conducted for the information recording plane of the second optical information recording medium of 
the transparent substrate thickness t2 (t1 < t2). 

(89) The optical pick-up apparatus described in (77) is characterized in that, on at least one surface of the objective 
lens, a ring band shaped step portion to divide the incident light flux into k (k ^ 4) ring band shaped light fluxes (herein, 
in the order from the optical axis side to the outside, the first, the second, .... , and the k-th light flux, are defined), is 
55 formed, and when the recording and/or reproducing of the jnfonDation is conducted on the first optical information 
recording medium, the spherical aberration components of the wave front aberrations of the first and the k-th light flux 
in the best image surface position formed by the first and the k-th light flux are not larger than 0.05 X^ rms (light source 
wavelength of XI ). and in the second to the (k - 1 )-th light flux, at least 2 light fluxes respectively form apparent best 
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image surface positions at different positions from the best image surface positions formed by the first and the i<-th 
light flux, and at the best image surface positions formed by the first and the k-th light flux, the wave front aberrations 
of the light rays in respective light flux of the first to the l<-th light flux passing through the necessary numerical aperture 
to the first optical infomiation recording medium are almost miX1 (mi is an integer, i = 1 , 2 k). 

5 f0039] According to the optical pick-up apparatus described in (89), because the resi'du'al error is decreased in the 
difference of the substrate thickness between the transparent substrate thickness of the first optical information re- 
cording medium (the first optical disk) and the transparent substrate thickness of the second optical information re- 
cording medium (the second optical disk), the recording and/or reproducing of the information can be appropriately 
conducted on a plurality of kinds of optical disks. For such the objective lens, refemng to Fig. 26. description will be 

'0 made later. 

(90) The optical pick-up apparatus described in one of (77) to (86), (88) or (89) is characterized in that the transparent 
substrate thickness t1 of the first optical information recording medium is not larger than 0.6 mm, the transparent 
substrate thickness t2 of the second optical infomiation recording medium is not smaller than 0.6 mm, and the oscillation 
wavelength X2 is within the range of not smaller than 600 nm and not larger than 800 nm. 

(91) The optical pick-up apparatus described in one of (1) to (90) is characterized in that, in the spherical aben-ation 
of the Objective lens, when the tertiary spherical aberration component is SA1 , and the sum of the fifth, seventh and 
ninth sphencal aberration components is SA2, the following expression Is satisfied. 



15 



20 ISA1/SA2I > 1.0 (11) 

Where. SA1: the tertiary spherical aberration component when the aberration function is developed into Zemike's 
polynomial; and SA2: root of the sum of squares of the fifth spherical aberration component, the seventh spherical 
aberration component, and the ninth spherical aberration component when the aberration function is developed into 
25 Zernike's polynomial. 

[0040] The optical pick-up apparatus described in (91 ) relates to a balance in the practkial order spherical aberration 
component of the spherical aberration generated in the objective lens. Particularly, in the single lens objective lens 
having the high image side aperture, because there is a tendency in which an amount of the spherical aberration is 
increased by a slight difference of the central thickness (axial thickness), the allowable range of the central thickness 
required for the objective lens becomes veiy narrow, further, when the lens is produced by the molding, it is also difficult 
to obtain a plurality of lenses in the deviation of the central thickness not larger than several nm. however by satisfying 
the above expression (11), because the tertiary spherical aberration component can be comparatively easily corrected 
by the means for correcting the variation of the spherical aben-ation or the means for correcting the variation of the 
spherical aben-ation and the axial chromatic aben-ation, the allowable range of the central thickness (particulariy the 
error from the designed value) can be expanded. 

(92) The optical pick-up apparatus described in one of (1 ) to (91 ) is characterized in that a diaphragm to determine the 
numerical aperture of the objective lens is positioned on the side at which the optical information recording medium is 
arranged, from the surface top of the surface on the most light source side of the objective lens. Thereby when the 
divergent light is incident to the objective lens, because the pass height of the ray of light on the surface on the most 
light source side can be suppressed to small, it is preferable for the size reduction of the objective lens or the aben-ation 
correction of the objective lens. 

(93) In the optical pick-up apparatus described in one of (1) to (92), because the objective lens is the single lens 
objective lens having the aspherical surface on at least one surface, the spherical aben-ation or the coma can be 
effectively corrected, and the small sized and light weight compact optical pick-up apparatus can be provided Partic- 
ularly, when both surfaces are asperical, because the spherical aberration and the coma can be effectively corrected 
it is more preferable. 

(94) In the optcal pick-up apparatus described in one of (1 ) to (93), because the light source has the oscillation wave- 
length of at least not larger than 500 nm, the recording of the high density infomiation or reproducing of the high density 
recording signal becomes possible. Further, the axial chromatic aberration which is a problem when the short wave- 
length light source with the oscillation wavelength not larger than 500 nm is used, can be corrected particulariy by the 
structure described in 10th, 11th, 33th, 38th, 39th, 63th or 65th aspect. 

(95) The optical pick-up apparatus described in one of (1 ) to (94) is characterized in that the image side numerical 
aperture NA of the objective lens is at least not smaller than 0.65. When the image side numerical aperture of the 
objective lens is not smaller than 0.65 (more preferably, not smaller than 0.75). which is larger than the conventional 
one. the greater increase of density and capacity of the optical Infomiation recording medium can be attained Giving 
specific numerical values, the present invention will be described below. Because the spot diameter converged onto 
the optical infomnation recording medium can be exphessed by kX/NA (k: proportional constant, X: the oscillation wave- 
«n';in of the light source. NA: the image side numerical aperture of the objective lens), in the high density optical pick- 
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up optical system using the blur purple semiconductor laser of the oscillation wavelength 400 nm, and the objective 
lens of the Image side numerical aperture 0.85, as compared to the low density optical pick-up optical system using 
the red semiconductor laser of the oscillation wavelength 650 nm, and the objective lens of the image side numerical 
aperture 0.65. the spot diameter is about 1/2. Herein, because the recording density onto the optical information re-. 
5 cording medium is proportional to the square of the inverse number of the ratio of the spot diameter, the recording 
density of the high density optical pick-up optical system is about 4 times of that of the low density optical pick-up 
optical system. 

(96) The optical pick-up apparatus described in one of (1) to (95) is characterized in that the objective lens satisfies 
the following expression. 

10 

1.1 ^ d1/f ^ 3.0 (12) 



Where^ d1: axial lens thickness (mm) and 
15 f; focal length (mm) at the oscillation wavelength of the light source, (in this connection, when the light source has 

a plurality of light sources with different oscillation wavelength, the focal length at the oscillation wavelength whose 
wavelength is shortest, and when the diffractive surface is provided on the objective lens, the focal length of the 
whole in which the refracting power and the diffracting power are combined). 

20 [0041] The above expression (12) relates to a condition to obtain the good image height characteristic. In the case 
where the large image side numerical aperture larger than 0.65 is desired, when the value d1/f is not lower than the 
lower limit, the good image height characteristic can be secured, and the shift sensitivity can be decreased. Further, 
because an angle fomned between the contact surface of the aspherical surface at the maximum position of the effective 
diameter of the objective lens and the surface perpendicular to the optical axis can be decreased, the processing of 

25 the molding die when the lens is molded becomes easy. On the one hand, when the value dl/f is not smaller than the 
upper limit, because the central thickness (axial thickness) is not too large, the working distance can be secured large. 
Further, because the generation of the astigmatism can be suppressed to small, the good image height characteristic 
can be secured. According to the above, it is more preferable that the value dl/f satisfied the following expression. 



30 



1.2^ dl/f ^2.3 (12') 



Further, it is particularly preferable to satisfy the following expression. 

1.4 ^ d1/f m 1.8 (12") 

(97) The optical pick-up apparatus described in one of (1) to (96) Is characterized in that the objective lens is formed 
of the plastic material. When the objective lens is formed of the plastic, the weight reduction can be attained, and the 

40 burden onto the focusing mechanism can be decreased. 

Further, the objective lens can be produced with a stable accuracy and a large amount at a low cost. Further, when 
the aspherical surface or the diffractive surface is provided on the objective lens, these surfaces can be easily formed. 
Particularly, it is preferable to produce them by the injection molding (injection compression molding is included). 

(98) The optical pick-up apparatus described in one of (1 ) to (97) is characterized In that the objective lens is formed 
45 Of the material whose saturation water absorption is not larger than 0.5 %. Thereby, because the refractive index 

change of the objective lens by the humidity absorption becomes small, it is preferable. 

(99) The optical pick-up apparatus described in one of (1) to (98) is characterized in that the objective lens is formed 
of the material whose internal permeability is not smaller than 85 % at the thickness 3mm for the light of the oscillation 
wavelength of the light source. Thereby, because the light source having the high light intensity is not necessary, the 

50 energy saving can be attained. 

( 1 00) The optical pick-up apparatus described in one of (1 ) to (99) is characterized in that it can be applied to the optical 
pick-up apparatus described in any one of the first to 99th aspects. 

(101) The optical pick-up apparatus described in one of (1) to (99) is characterized in that it is the objective lens used 
for the optical pick-up apparatus described in any one of the first to 99th aspects. 

55 (102) An objective lens is characterized in that, in the objective lens for use in the optical pick-up apparatus by which 
recording and/or reproducing of the information can be conducted for at least 2 kinds of optical information recording 
media, and which has the light source of the oscillation wavelength X,1 , the light source of the oscillation wavelength 
X2 which is different from the oscillation wavelength XI (X^ < X2), the converging optical system including the objective 
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lens for light-converging the first light flux emitted from the light source of the oscillation wavelength X^ onto the infor- 
mation recording plane of the first optical information recording medium through the transparent substrate of the trans- 
parent substrate thickness t1 , and for light-converging the second light flux emitted from the light source of the oscillation 
wavelength 12 onto the infomiation recording plane of the first optical information recording medium through the trans- 
parent substrate of the transparent substrate thickness t2 (t1 ^ t2), and the light detector for light-receiving the reflected 
light from the first and second optical information recording medium, the following expression is satisfied. 

1.1 ^ d1/f ^ 3.0 (13) 

Where, 

d1 : axial lens thickness (mm) and 

f: focal length (mm) at the oscillation wavelength XI , (in this connection, when the diffractive surface is provided 
on the objective lens, the focal length of the whole In which the refracting power and the diffracting power are 
combined). 

(1 03) The objective lens described in (1 02) is characterized in that the image side numerical aperture NA is not smaller 
than 0.75. 

(104) The objective lens described in (102) or (103) is characterized in that it is provided with the diffractive surface 
having the ring band shaped diffractive structure. 

(1 05) The objective lens described in (1 04) is characterized in that the diffractive surface has the wavelength charac- 
teristic which can converge the first iight flux emitted from the light source of the oscillation wavelength XI onto the 
infomnation recording plane of the first optical infomnation recording medium in the condition not larger than the wave 
front aberration 0.07 XI rpm within a predetemnined numerical aperture on the image side of the objective lens nec- 
essary for the recording or reproducing of the information, and can converge the second light flux emitted from the 
light source of the oscillation wavelength X2 onto the information recording plane of the second optical information 
recording medium in the condition not larger than the wave front aberration 0.07 X2 rpm within a predetennined nu- 
merical aperture on the image side of the objective lens necessary for the recording or reproducing of the information. 

(106) The objective lens described in (1 04) or (105) is characterized in that when, to the infonnation recording plane 
of the first optical infonnation recording medium, a predetemnined numerical aperture on the image side of the objective 
lens necessary for the recording or reproducing of the infomiation by the first light flux emitted from the light source of 
the oscillation wavelength X1 is NA1 , and to the Infonnation recording plane of the second optical information recording 
medium, a predetennined numerical aperture on the image side of the objective lens necessary for the recording or 
reproducing of the infonnation by the second light flux emitted from the light source of the oscillation wavelength X2 is 
NA2 (NA1 > NA2), the diffractive surface light-converges the second light flux emitted from the light source of the 
oscillation wavelength X2 onto the information recording plane of the second optical information recording medium 
within the NA1 . in the condition not smaller than the wave front aberration 0.07 X2 rms. 

(1 07) The objective lens described in one of (1 04) to (1 06) is characterized in that the diffractive surface has a function 
to suppress the axial chromatic aberration to the minute variation of the oscillation wavelength of the light source 

(108) The objective lens described in one of (104) to (107) is characterized in that the diffractive surface has the 
wavelength characteristic to shorten the back focus of the objective lens when the oscillation wavelength of the light 
source is minutely varied onto the long wavelength side. 

(109) The objective lens described in one of (104) to (108) is characterized in that* the diffractive surface has the 
spherical aberration characteristic which varies to the direction in which the spherical aberration of the objective lens 
becomes an insufficient correction condition when the oscillation wavelength of the light source is minutely varied onto 
the long wavelength side. 

(110) The objective lens described in one of (102) to (109) is characterized in that it is an single lens whose at least 
one surface is an aspherical surface, and satisfies the following expression. 

0.5 s (f1A/d) • fDI ^ 10.0 (14) 

Where, f 1 : the focal length (mm) of the objective lens in which the refracting power of the objective lens and the dif- 
fracting power by the diffractive structure of the objective lens are combined with together, at the oscillation wavelength 
XI ; vd: Abbe's number of d line of the lens material; and fDI : when the diffractive structure is expressed by the optical 
path difference function defined by Ob = b^h^ +b^h'^ + bghS + ... (herein, h is the height (mm) from the optical axis, and 
b^, bg, ... are the optical path difference function coefficients of the second'order, fourth order sixth order, ...), the 
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focal length (mm) at the oscillation wavelength X^ by only the diffractive structure, which is defined by fD = 1/(-2 • bg). 
[0042] By satisfying the above expression (14), the axial chromatic aberration to both light fluxes of the short wave- 
length light source and the conventional long wavelength light source is not excessively connected, or insufficiently 
corrected, and can be corrected with well balance. In the above expression (1 4), in more than the lower limit of the left 

5 side, the axial chromatic aberration is not excessively corrected for the light flux of the long wavelength light source of 
600 nm to 800 nm. and in lower than the upper limit of the right side, the axial chromatic aberration is not insufficiently 
corrected for the light flux of the short wavelength light source not larger than 500 nm, and it is preferable. When the 
diffractive structure having the wavelength characteristic by which respectively fine spots are fonned on the respective 
infonnation recording planes to a plurality of optical infonnation recording media whose transparent substrate thickness 

10 is different, is provided on the objective lens, also for the conventional optical information recording medium whose 
transparent substrate thickness (for example, 1 .2 mm for the CD. and 0.6 mm for the DVD) is large, and also for the 
optical infomnation recording medium whose transparent substrate thickness is small (for example, the transparent 
substrate thickness is not larger than 0.2 mm), for which the short wavelength light source and the high image side 
numerical aperture are necessary, an objective lens which can be commonly used for the recording or reproducing of 

15 the infonnation, can be obtained. 

(111) The objective lens described in one of (102) to (109) is characterized in that it is an single lens whose at least 
one surface is an aspherlcal surface, and satisfies the following expression. 

-25.0 ^ (ba/X-l) ^ 0.0 (15) 

Where, the optical path difference function coefficient of the second order, when the diffractive structure is expressed 
by the optical path difference function defined by 4>b = bgh^ -t-b^h"^ + bgh® + ... (herein, h is the height (mm) from the 
optical axis, and b2, b4, bg, ... are the optical path difference function coefficients of the second order, fourth order, sixth 
25 order, ...) ; and X^ : 

the oscillation wavelength XI (mm). 

[0043] Further, by satisfying th© above expression (15), the burden of the aberration correction by the diffractive 
structure provided on the objective lens can be lightened, that is, by satisfying the above expression (15), because it 
is possible that the role of the correction of the axial chromatic aben-ation generated in the converging optical system 

50 is not almost allotted to the diffractive structure provided on the objective lens, the ring band interval of the diffractive 
structure can be large, the number of ring bands can be small, and the objective lens with the high diffraction efficiency 
can be obtained. Herein, when bg = 0, it con-esponds to a case where the axial chromatic aberration is not corrected 
by the diffractive structure provided on the objective lens, and when -25.0 ^{bo/XI) < 0.0, it corresponds to a case 
where the axial chromatic aberration is corrected for the light flux of the short wavelength light source (not larger than 

55 about 500 nm), to the degree in which the axial chromatic aberration is not excessively con-ected for the light flux of 
the long wavelength light source (about 600 nmto 800 nm). In this manner, the axial chromatic aberration of insufficient 
correction can be corrected when the means for correcting the variation of the spherical aberration arranged between 
the objective lens an the light source is structured by the structure described in (10), (11), (33), (38), (39), (63), (65). 
Further, in the case where the axial chromatic aberration generated in the objective lens is con-ected by the action of 
the diffractive structure, when Abbe's number of the material of the objective lens is vd, it is preferable that vd > 55.0 
is satisfied, thereby, the second order spectrum can be suppressed to small. 

(112) The objective lens described in one of (102) to (111) is characterized in that, in the spherical aberration, when 
the tertiary spherical aberration component is SA1, and the sum of the fifth, seventh, and ninth spherical aberration 
components is SA2, the following expression is satisfied. 

45 

ISA1/SA2I > 1.0 (16) 

Where, SA1 : the tertiary spherical aberration component when the aberration function is developed into Zernike's 
50 polynomial; and SA2: root of the sum of squares of the fifth spherical aberration component, the seventh spherical 
aberration component, and the ninth spherical aberration component when the aberration function is developed into 
Zernike's polynomial. 

[0044] This relates to a balance in the practical order spherical aberration component of the spherical aberration 
generated in the objective lens. Particularly, in the single lens objective lens having the high image side aperture, 
55 because there is a tendency in which an amount of the spherical aberration is increased by a slight difference of the 
central thickness (axial thickness), the allowable range of the central thickness required for the objective lens becomes 
very narrow, further, when the lens is produced by the molding, it is also difficult to obtain a plurality of lenses in the 
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deviation of the central thickness not larger than' several ^im. however, by satisfying the above expression (11), the 
balance in the spherical aberration connponents of the practical order generated in the objective lens can be made ifine, 
and the allowable range of the central thickness (particularly, the error from the designed value) required for the ob- 
jective lens can be expanded. 

(11 3) The objective lens described in (102) or (1 03) is characterized in that it has at least the first part, the second part 
and the third part, on at least one surface, by which the light flux emitted from the light source is divided into a plurality 
of iight fluxes in the order from the optical axis side to its outer periphery by the refractive action, wherein the first part 
and the third part can converge the light flux from the light source of the oscillation wavelength X^ so that the recording 
or the reproducing of the infomiationcan be conducted forthe infomnation recording plane of the first optical information 
recording medium, and the first part and the second part can converge the light flux from the light source of the oscillation 
wavelength A2 so that the recording orthe reproducing of the infomnation can be conducted forthe information recording 
plane of the second optical information recording medium. 

(114) The objective lens described in (102) or (103) is characterized in that, on at least one surface of the objective 
lens, a ring band shaped step portion to divide the incident light flux into k (k ^ 4) ring band shaped light fluxes (herein 
m the order from the optical axis side to the outside, the first, the second, ... . , and the k-th light flux, are defined), is 
formed, and when the recording and/or reproducing of the infonnation is conducted on the first optical information 
recording medium, the spherical aberration components of the wave front aberrations of the first and the k-th light flux 
in the best image surface position formed by the first and the k-th light flux are not larger than 0.05 ?il rms (light source 
wavelength of X^ ), and in the second to the (k - 1 )-th light flux, at least 2 light fluxes respectively form apparent best 
image surface positions at different positions from the best image surface positions formed by the first and the k-th 
light flux, and at the best image surface positions fomned by the first and the k-th light flux, the wave front aberrations 
of the light rays in respective light flux of the first to the k-th light flux passing through the necessary numerical aperture 
to the first optical information recording medium are almost miXI (mi is an integer, i 1 , 2. ... , k). 

(115) The objective lens described in one of (102) to (114) is characterized in that it is formed of the plastic material. 

(116) The objective lens described in one of (102) to (115) is characterized in that it is formed of the material whose 
saturation water absorption is not larger than 0.5 %. 

(117) The objective lens described in one of (102) to (116) is characterized in that it is formed of the material whose 
internal permeability is not smaller than 85 % at the thickness 3 mm, to the oscillation wavelength of the light source 

(11 8) The objective lens described in one of (1 02) to (1 1 7) is characterized in that it is a single lens at least one surface 
30 of which is aspherical surface. 

(119) The objective lens described in one of (1 02) to (118) is characterized in that it can be applied for the optical pick- 
up apparatus described in any one of (1) to (99). 

(120) A beam expander is characterized in that it includes at least one positive lens and at least one negative lens, 
and at least one of them is a movable element which can transfer along the optical axis direction, and respective Abbe's 
numbers of all positive lenses including the positive lens are not larger than 70.0 or respective Abbe's numbers of all 
negative lenses including the negative lens are not smaller than 40.0. and it has the diffractive surface having the ring 
band shaped diffractive structure on at least one surface. 

[0045] When Abbe's number of the positive lens constituting the beam expander is not smaller than 70.0 or Abbe's 
number of the negative lens is not smaller than 40.0. the axial chromatic aberration generated in the other optical 
element (particularly, preferably, the objective lens when being applied for the optical pick-up apparatus) is apt to be 
in insufficient con-ection condition, however, when the diffractive surface is provided, the axial chromatic aberration 
can be finely corrected. Particularly, when the diffractive surface having the wavelength characteristic in which the back 
focus becomes short when the oscillation wavelength of the incident light source is minutely varied to the long wave- 
length side, is provided on at least one surface, the axial chromatic aberration of the objective lens can be finely 
corrected. Further when Abbe's number of the positive lens is not larger than 70.0, the strength is excellent, the pro- 
duction IS easy, and also for the anti-environment, it is good. On the one hand, when Abbe's number of the negative 
lens IS not smaller than 40.0. the penetrability for the light of short wavelength is excellent. For both the positive lens 
and the negative lens, it is preferable that Abbe's numbers are not smaller than 40.0 and not larger than 70.0. 

(121) The beam expander described in (1 20) is characterized in that, when the paraxial power in the oscillation wave- 
length of the light source which outputs the light flux to be incident, is PI , the paraxial power in the wavelength which 
IS 1 0 nm shorter than the oscillation wavelength is P2. and the paraxial power in the wavelength which is 1 0 nm longer 
than the oscillation wavelength is P3. the following expression is satisfied. 
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(17) 



[0046] According to this, the role for correcting the axial chromatic aberration generated in the optical element such 
as the objective lens or the coupling lens can be allotted to the beam expander. That is. in the beam expander itself, 
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the axial chromatic aberration is excessively corrected by the diff ractive structure, and by generating the axial chromatic 
aberration whose polarity is reverse to the axial chromatic aberration generated in the optical element such as the 
objective lens or coupling lens, the axial chronnatic aberration generated in the optical element such as the objective 
lens or coupling lens can be corrected. 
5 (122) The beam expander described in (120) or (121) is characterized in that the diffractive surface has the function 
to suppress the axial chromatic aberration generated in the condenser lens arranged on the light emission side with 
respect to the minute variation of the oscillation wavelength of the light source which outputs the light flux to be incident. 

(123) The beam expander described in one of (120) to (122) is characterized in that, when the oscillation wavelength 
of the light source which outputs the light flux to be incident, is minutely varied to the long wavelength side, the diffractive 

10 surface has the wavelength characteristic so that the back focus of the condenser lens arranged on the light emission 
side becomes short. According to this, the axial chromatic aberration of the optical element such as the objective lens 
can be finely corrected. 

(124) The beam expander described in one of (120) to (123) is characterized in that, when the oscillation wavelength 
of the light source which outputs the light flux to be incident, is minutely varied to the long wavelength side, the diffractive 

15 surface has the spherical aberration characteristic in which the spherical aberration of the condenser lens arranged 
on the light emission side is changed to the direction of the insufficient correction. Thereby, the spherical aberration 
generated when the oscillation wavelength of the light source which outputs the light flux to be incident, is minutely 
varied to the long wavelength side, can be finely corrected. 

(125) The beam expander described in one of (120) to (124) is characterized in that the movable element is formed 
20 of the material whose specific density is not larger than 2.0. According to this, the burden of the movable element onto 

the transfer apparatus can be lightened. 

(126) The beam expander described in one of (120) to (125) is characterized In that the movable element is fomned 
of the plastic material. According to this, the burden onto the transfer apparatus can be lightened, and the high speed 
transfer of the movable element in the optical axis direction becomes possible. Further when the structural element 

25 on which the diffractive surface or aspherical surface is provided, is formed of the plastic material, these can be easily 
added. 

(127) The beam expander described in one of (120) to (126) is characterized in that it has the aspherical suri^ace on 
at least one surface of the movable element. 

(128) The beam expander described in one of (120) to (127) is characterized in that the movable element is formed 
30 of the material whose saturation water absorption is not larger than 0.5 %. 

(129) The beam expander described in one of (120) to (128) is characterized in that the movable element is formed 
of the material whose internal permeability is not smaller than 85 % at the thickness 3 mm, to the light of the oscillation 
wavelength of the light source to be incident. 

(130) The beam expander described in one of (120) to (124) is characterized in that it is formed of the plastic material. 
35 (131) The beam expander described in one of (120) to (1 24) or (1 30) is characterized in that it has an aspherical surface 

on at least one surface. 

(132) The beam expander described in one of (120) to (124), (130) or (131) is characterized in that it is fomned of the 
material whose saturation water absorption is not larger than 0.5 %. 

(133) The beam expander described in one of (120) to (124) and (130) to (132) is characterized in that it is fomned of 
40 the material whose internal permeability is not smaller than 85 % at the thickness 3 mm, to the light of the oscillation 

wavelength of the light source to be incident. 

(134) The beam expander described in one of (120) to (133) is characterized in that it can be applied for the optical 
pick-up apparatus described in any one of (8) to (33) and (36) to (63). 

(135) A converging optical system is one on an optical pick-up apparatus for recording and/or reproduction for an 
45 optical information recording medium, the converging optical system including a coupling lens which changes a diver- 
gence angle of divergent light emitted from a light source and including an objective lens that converges a light flux 
that has passed the coupling lens on the image recording surface through a transparent substrate of an optical infor- 
mation recording medium, and a ring-shaped band diffractive structure is formed on at least one optical surface of an 
optical element constituting the converging optical system, the coupling lens is of a 2-group structure, and deviation 

50 of spherical aberration caused on each optical surface of the converging optical system is corrected by moving at least 
one lens group constituting the coupling lens in the optical axis direction, which is a special feature. 
[0047] The converging optical system of (1 35) relates to the preferable structure of a converging optical system used 
for an optical pick-up apparatus for conducting recording and/or reproduction for an advanced optical information re- 
cording medium that is higher in terms of density and larger in terms of capacity than DVD. BY providing, on at least 

55 one optical surface of an optical element constituting the converging optical system, the diffractive structure having 
the wavelength characteristic wherein a back focus of an objective lens is shortened when a wavelength of a light 
source fluctuates slightly toward the long wavelength side, it is possible to correct effectively axial chromatic aben-ation 
that is caused on an objective lens and is problematic when a short wavelength light source such as a violet semicon- 
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ductor laser is used. Though the diffractive structure stated above may also be provided on an optical element other 
than a coupling lens that is arranged separately to be closer to a light source than an objective lens, it is preferable to 
provide It on an objective lens and/or coupling lens because the number of structural elements of a converging optical 
system is less and an optical pick-up apparatus can be made small in size accordingly. When providing the diffractive 
structure on an optical surface of a coupling lens, the minimum ring-shaped band distance of the diffractive structure 
to be provided on one optical surface can be made large, because it is possible to make two or more optical surfaces 
to share in power of diffraction, and thus, diffraction efTtciency can be enhanced. • 

[0048] Further, when at least one of two lens groups constituting a coupling lens is made to be capable of moving 
in the direction of an optical axis, it is possible to correct deviation of spherical aberration caused on each optical 
surface in the converging optical system, especially on an optical surface of an objective lens. Since it is possible to 
correct, on a real time basis, the spherical aberration caused greatly on an objective lens by minute deviation of emission 
wavelength of a light source, changes in temperature and humidity and/or errors of a thickness of a transparent sub- 
strate of an optical information recording medium which cause a problem when an objective lens having a high numerical 
aperture that is necessary for recording information at higher density than a conventional optical information recording 
medium and/or for reproducing information recorded at high density is used, 

an appropriate spot can always befomned on an information recording plane of an optical information recording medium. 
[0049] By moving the movable lens group of the coupling lens in the direction of an optical axis, it is possible to 
correct spherical aben-ation caused by an error of forming an optical element that constitutes a converging optical 
system. When manufacturing an optical element through a forming method employing a metal mold in general there 
are generated errors for machining a metal mold and for forming an optical element. Examples of the error include an 
en-or in a thickness of the central portion and an error in a fomn of an optical surface. If a component of aberration 
caused by these errors is third order spherical aberration, it is possible to correct it by moving the movable lens group 
of the coupling lens in the direction of an optical axis in the converging optical system of the invention. Therefore a 
tolerance in manufacture of an optical element that fomns a converging optical system can be made large, and thereby 
productivity can be enhanced. 

(1 36) In the converging optical system described in (1 35), the light source stated above emits light having a wavelength 
of not more than 600 nm, and axlaJ chromatic aberration generated by a refraction action of each refracting interface 
in the converging optical system and axial chromatic aberration generated by the diffractive structure offset each other 
[0050] Though recording at density higher than that in a conventional optical information recording medium and/or 
reproduction of information recorded at higher density is possible for an optical information recording medium by 
employing a light source generating light having an oscillation wavelength of not more than 600 nm, as shown in (1 36) 
the axial chromatic aberration caused on the converging optical system, especially on an objective lens as stated above 
IS a problem. When axial chromatic aben-ation whose polarity is opposite to that of axial chromatic aberration generated 
on each refracting interface of the converging optical system is generated on the diffractive structure mentioned above 
the wavef ront in the case of fonning a spot on an inf onnation recording plane of an optical information recording medium 
through a converging optical system is in the state wherein axial chromatic aberrations are canceled, and thereby it 
IS possible to create a system wherein axial chromatic aben-ation is corrected satisfactorily within a range of wavelength 
deviation of a light source as an overall converging optical system. 

[0051] Incidentally, it is preferable that a converging optical system of the invention is made of optical materials 
whose inner transmission factor in thickness of 3 mm is 85% or more for light having an oscillation wavelength of a 
light source. When using a light source with a short wavelength having an oscillation wavelength of not more than 600 
nm. especially of about 400 nm, a fall of a transmission factor caused by absorption of light by optical materials is a 
problem. However, by making the converging optical system with materials having the aforesaid inner transmission 
factor. It IS possible to form a spot having high quantity of light without increasing output of a light source in the course 
of recording, and to improve an S/N ratio of a reading signal in reproduction. 

[0052] It Is further preferable that a converging optical system of the invention is made of optical materials whose 
saturated coefficient of water absorption is not more than 0.5%. If this condition is observed, a refractive index distri- 
bution caused by a difference in coefficient of water absorption is hardly generated in an optical element in the course 
for each optical element constituting a converging optical system to absorb moisture in the air, and thereby aben-atlon 
generated and a fall of diffraction efficiency caused by phase change can be repressed. When the numerical aperture 
of an objective lens is great, in particular, generation of aberration and a fall of diffraction efficiency tend to take place 
more. However, they can be suppressed to a lower level sufficiently by doing in the aforesaid manner 
(137) In theconverging optical system described in (136), axial chromatic aberration of a composition system composed 
of the coupling lens, an optical element having thereon the diffractive structure and the objective lens satisfies the 
following expression; 



24 



EP 1 154 417 A2 



lAfB-NA^I < 0.25 p.m (17) 

wherein, NA represents the numerical aperture of the prescribed objective lens on the subject side necessary for 
^ recording and/or reproducing for an optical information recording medium, and AfB represents a change (\xm) of a 
focus position of the composition system corresponding to the change of + 1 nm in wavelength -of the light source. . 
[0053] When axial chromatic aberration generated on each refracting interface of a converging optical system is 
corrected by utilizing an action of the diffractive structure, it is preferable that axial chromatic aberration of the con- 
verging optical system, namely, axial chromatic aberration of a composition system composed of a coupling lens, an 
optical element having thereon a diffractive stnjcture and an objective lens satisfies the conditional expression (17) of 

(137) . 

(138) In the converging optical system described in one of (135) to (137), the numerical aperture of the prescribed 
objective lens on the subject side necessary for recording and/or reproducing for an optical information recording 
medium Is 0.65 or more, and a thickness of a transparent substrate of the optical information recording medium is not 
more than 0.6 mm. 

[0054] Since it is possible to reduce a size of a spot converged on an Information recording plane by enhancing the 
numerical aperture of the prescribed objective lens on the subject side necessary for recording and/or reproduction 
for an optical information recording medium to 0.65 or more (0.45 for a conventional optical infonnation recording 
medium, such as CD, for example, and 0.60 for DVD), as shown in (138), recording at density higher than that in a 
conventional optical information recording medium and/or reproduction of information recorded at higher density is 
possible for an optical information recording medium. However, the enhancement of the numerical aperture of an 
objective lens causes a problem that occurrence of coma caused by an inclination of an optical information recording 
medium from the surface perpendicular to the optical axis or by a warp thereof is more remarkable. By making a 
thickness of a transparent substrate of an optical information recording medium to be smaller, occurrence of coma can 
be repressed. When the numerical aperture of the objective lens is enhanced to 0.65 or more, it is preferable to make 
a thickness (t) of a transparent substrate of an optical information recording medium to be 0.6 or less ((1 .2 mm for a 
conventional optical information recording medium, for example, CD, and 0.6 mm for DVD). To be concrete, in the case 
of 0.65 < NA < 0.70, 0.3 < t < 0.6 is preferable, while, 
in the case of 0.70 < NA < 0.85, 0.0 < t < 0.3 is preferable. 

(1 39) In the converging optical system described in one of (1 35) to (1 38), a lens group capable of moving in the direction 
of an optica! axis among those constituting the coupling lens has positive refracting power, and satisfies the following 
expression; 
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4^tcp/foBJ^"'7 (18) 



wherein f^p represents focal length (mm) of a lens group that can move in the direction of an optical axis and has 
positive refracting power, and foBj represents a focal length of the objective lens. 

[0055] When a lens group having positive refracting power among those constituting a coupling lens is made to be 
"'^ capable of moving in the direction of an optical axis as shown in (139), it is preferable that expression (18) is satisfied. 
When the upper limit in expression (18) is not exceeded, an amount of movement for correcting deviation of spherical 
aberration caused on a converging optica! system can be small, which makes the total converging optical system to 
be compact. When the lower limit in expression (2) is not exceeded, it is possible to repress refracting power of the 
movable lens group to be small, and thereby to repress occurrence of aberration on the movable lens group. When 
two lens groups constituting a coupling lens are made to have positive refracting power, well-balanced distribution of 
refracting power to two lens groups can be carried out by satisfying expression (18), and each lens group can be made 
to have a form which is easy for manufacture. 

(140) In the converging optical system described in one of (135) to (1 38), a lens group capable of moving in the direction 
of an optical axis among those constituting the coupling lens has negative refracting power, and satisfies the following 
expression; 

-20 < fcN/foBj ^ -3 (19) 



wherein f^rg represents focal length (mm) of a lens group that can move in the direction of an optical axis and has 
negative refracting power, and foBj represents a focal length of the objective lens. 

[0056] When a lens group having negative refracting power among those constituting a coupling lens is made to be 
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capable of moving in the direction of an optical axis as shown in (140), it is preferable that expression (19) is satisfied 
When the lower limit in expression (1 9) is not exceeded, an amount of movement for correcting deviation of spherical 
aberration caused on a converging optical system can be small, which makes the total converging optical system to 
be compact. When the upper limit in expression (1 9) is not exceeded, It is possible to repress refracting power of the 
5 movable lens group to be small, and thereby to repress occurrence of aberration on the movable lens group It is further 
possible to repress refracting power of the lens group having positive refracting power among two lens groups consti- 
tuting a coupling lens to be small, and thereby, it is possible to repress occurrence of aben-ation on the lens group 
having positive refracting power, which makes manufacture to be easy. 

(141) In the converging optical system described in one of (135) to (140), the objective lens is of a construction of 
'0 1 -group and 1 -element, and at least one surface is aspherical. 

[0057] By making an objective lens to be of a construction of 1 -group and 1 -element in which at least one surface 
IS aspherical as shown in (141 ), it is possible to obtain an objective lens suitable for optical pick-up wherein spherical 
aberration and coma are corrected satisfactorily in the simple construction of 1 -group and 1 -element, and recording 
at density higher than that in a conventional optical information recording medium and/or reproduction of information 
recorded at higher density is possible for an optical infomnation recording medium. Further, It is more preferable that 
both surfaces are aspherical, and thereby, aberration can be corrected more accurately. Further, by making an objective 
lens to be of a construction of 1 -group and 1 -element, it is possible to secure a working distance to be long even when 
the numerical aperture is great, and thereby to prevent the contact between an objective lens and an optical information 
recording medium caused by a warp or inclination of the optical information recording medium. 

(142) In the converging optical system described in one of (135) to (140),the objective lens is of a construction of 
2-group and 2-element, and at least two surfaces among the first surface up to the third surface are aspherical 
[0058] By making an objective lens to be of a construction of 2-group and 2-element as shown in (1 42), it is possible 
to distnbute refracting power for a ray of light to four surfaces, thus, refracting power per one surface can be small 
even when the numerical aperture is made to be great. As a result, a tolerance for eccentricity between lens surfaces 
can be large in making a metal mold and In fomiing a lens, resulting in a lens that is easy to be manufactured By 
distributing refracting power for a ray of light to four surfaces, there is produced a room in correcting operations for 
asphencal surfaces provided on at least two surfaces among the first surface up to the third surface, which makes it 
possible to correct spherical aberration and coma accurately. In this case, it is preferable that at least two surfaces 
including the first surface and the third surface are made to be aspherical. It is further preferable that the second surface 
IS also made to be aspherical, because aben-ation caused by deviation of an optical axis between the first lens and 
the second lens can be controlled to be small. 

(1 43) In the converging optical system described in one of (1 35) to (1 42). an optical element having thereon a diffractive 
structure is made of plastic material, and therefore, the diffractive structure can easily be provided which makes it 
possible to manufacture at low cost on a mass production basis through an injection molding method employing a 

3S metal mold. <- j s 

(144) In the converging optical system described in one of (135) to (143), it is preferable that a lens group movable in 
the direction of an optical axis among lens groups constituting the coupling lens is made of material having specific 
gravity of 2.0 or less, because inertia force in the course of movement can be kept small and quick movement is possible 
accordingly. Further, electric power for driving an actuator representing a driving device for moving the movable lens 
group can be small, and a small-sized actuator can be used. 

(145) In the converging optical system described in one of (134) to (144), it is preferable that a quantity of light of n-th 
order diffraction light (n represents integers other than 0 and ±1) is greater than that of diffraction light in any other 
order, and the converging optical system stated above can converge, on an information recording plane of the optical 
infonnation recording medium, n-th order diffraction light generated on the diffractive structure in the course of infor- 
mation recording and/or reproduction for the optical information recording medium, because a ring-shaped band dis- 
tance can be made large when the diffractive structure is formed by a plurality of zones, which makes manufacture to 
be easy. 

(146) In the converging optical system described in one of (135) to (1 45). it is possible to forni an excellent spot on an 
information recording plane of an optical infomnation recording medium and thereby no selection of a light source is 
needed, which is preferable, if deviation of spherical aberration caused on each optical surface of a converging optical 
system by deviation of oscillation wavelength of the light source is coaected by moving at least one lens group con- 
stituting the coupling lens in the direction of an optical axis. 

(147) Inthe converging optical system described in one of (135) to (146), even a plastic lens that is subjectto a fall of 
image forming efficiency caused by temperature change and humidity change can be used as an objective lens with 
a high numencal aperture and extensive cost reduction can be attained for an optical pick-up apparatus if the objective 
lens includes a lens formed with at least one plastic material sheet, and deviation of spherical aberration caused on 
each optical surface of a converging optical system by changes of temperature and humidity is corrected by moving 
at least one lens group constituting the coupling lens in the direction of an optical axis. 
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(148) In the converging optical systenn described in one of (135) to (146), it is possible to make a tolerance for manu- 
facture for an optical information recording medium to be great, and thereby to enhance productivity, if deviation of 
spherical aberration caused by variation of a thickness of a transparent substrate of the infomnation recording medium 
is corrected by moving at least one lens group constituting the coupling lens in the direction of an optical axis. 
5 (149) In the converging optical system described in one of (135) to (146), deviation of spherical aberration caused on 
each optical surface of a converging optical system by combination of at least two of deviation of oscillation wavelength 
of the light source, changes of temperature and humidity, and variation of a thickness of a transparent substrate of the 
information recording medium, is corrected by moving at least one lens group constituting the coupling lens in the 
direction of an optical axis. 

10 [0059] In the converging optical system of the invention, as indicated in (147), deviation of spherical aberration caused 
by a combination of changes of temperature and humidity, or an error of a thickness of a transparent substrate of an 
optical infomnation recording medium, or dispersion of oscillation wavelength of a light source from the standard wave- 
length, can be connected, and therefore, it is possible to obtain a converging optical system whose light-converging 
characteristics are constantly excellent. 

75 (150) In the converging optical system described in one of (135) to (149), the optical Infomnation recording medium 
has structure wherein a plurality of transparent substrates and a plurality of infomnation recording layers are larriinated 
alternately in this order from the surface of the optical information recording medium, the objective tens is moved in 
the direction of an optical axis forfocusing for information recording and/or reproduction for each information recording 
plane, and deviation of spherical aberration caused by a difference of a thickness of the transparent substrate on each 

20 information recording layer is corrected by moving at least one lens group constituting the coupling lens in the direction 
of an optical axis. 

[0060] The converging optical system of (150) relates to one for an optical pick-up apparatus capable of recording 
and/or reproducing information for an optical information recording medium having structure wherein a plurality of 
transparent substrates and a plurality of information recording layers are laminated alternately In this order from the 

25 surface of the optical infomnation recording medium. In this converging optical system, it is possible to correct spherical 
aberration caused by a difference in thickness for transparent substrates existing in the surface up to the information 
recording layer by moving the movable optical element of the coupling lens in the direction of an optical axis, and it is 
possible to focus on the aimed information recording layer by moving the objective lens in the direction of an optical 
axis, thus, it is possible to form an excellent wavefront on each information recording plane. Accordingly, information 

30 in doubled volume or more can be recorded on the surface on one side of the optical information recording medium 
and/or reproduced. 

(151) An optical pick-up apparatus is one having therein a converging optical system having a light source, a coupling 
lens of a 2-group structure changing a divergence angle of divergent light emitted from the light source and an objective 
lens that converges a light flux passing through the coupling lens on an infomnation recording plane through a trans- 

35 parent substrate of an optical infomnation recording medium, a detector that detects light reflected on the information 
recording plane, the first driving device that moves the objective lens in the direction of an optical axis and in the 
direction perpendicular to an optical axis for converging a light flux on the information recording plane, and the second 
driving device that moves at least one optical element of the coupling lens in the direction of an optical axis, and 
conducts infonnation recording and/or reproduction for an infomnation recording plane of the optical infomnation re- 

40 cording medium, wherein a ring-shaped band refractive structure is fonned on at least one optical surt'ace of an optical 
element constituting the converging optical system, and the second driving device moves at least one lens group 
constituting the coupling lens in the direction of an optical axis to correct deviation of spherical aberration caused on 
each optical surface of the converging optical system. 

[0061] The optical pick-up apparatus of (151) relates to one for conducting recording and/or reproduction for an 
45 advanced optical information recording medium that is higher in terms of density and larger in terms of capacity than 
DVD. BY providing, on at least one optical surface of an optical element constituting the converging optical system of 
the optical pick-up apparatus, the diffractive structure having the wavelength characteristic wherein a back focus of an 
objective lens is shortened when a wavelength of a light source fluctuates slightly toward the long wavelength side, it 
is possible to correct effectively axial chromatic aberration that is caused on an objective lens and is problematic when 
50 a short wavelength light source such as a violet semiconductor laser is used. It is further possible to correct satisfactorily 
deviation of spherical aberration caused on each optical surface of the converging optical system by making at least 
one of two lens groups constituting the coupling lens to be capable of moving in the direction of an optical axis. The 
second driving device moves at least one of two lens groups constituting the coupling lens in the direction of an optical 
axis, and in this case, the optical element is moved so that spherical aben'ation caused on the converging optical 
55 system may be corrected appropriately, while monitoring signals from the sensor that detects the state of light-con- 
verging of a light flux converged on the infonnation recording plane. It is possible to use an actuator of a voice coil type 
' and a piezo-actuator as the second driving device. Further, the same effects as those in (135) are exhibited. 

(152) In the optical pick-up apparatus described in (151), the light source emits light having a wavelength of 600 nm 
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or less, and axial chromatic aberration caused by refracting action of each refracting interface in the converging optical 
systenr> and axial chromatic aberration caused by the diffractive structure offset each other, thus, the same effects as 
those in the invention described in Structure 2 are exhibited. 

(153) In the optical pick-up apparatus described in (152), axial chromatic aberration caused by the coupling lens the 
optical element on which the diffractive structure is provided, and by the objective lens satisfies the following expression 
and thereby, the same effects as those in the invention described In Structure 3 are exhibited; 

lAfB-NA^I < 0.25 |i,m (20) (20) 

wherein, NA represents the numerical aperture of the prescribed objective lens on the subject side necessary for 
recording and/or reproducing for an optical information recording medium, and AfB represents a change (urn) of a 
I?^":!! °" °^ composition system corresponding to the change of + 1 nm in wavelength of the light source 

(154) In the optical pick-up apparatus described in one of (151) to (153), the numerical aperture of the objective lens 
on the image side that is necessary for conducting recording and/or reproduction for the optical information recording 
medium is 0.65 or more, and a thickness of the transparent substrate of the optical information recording medium is 
0.6 mm or less, thus, the same effects as those in the invention described in (138) are exhibited 

(1 55) In the optical pick-up apparatus described in one of (1 51 ) to (1 54). a lens group capable of moving in the direction 
ot an optical axis among lens groups constituting the coupling lens has positive refracting power and satisfies the 
following expression, thus, the same effects as those In the invention described in Structure 5 are exhibited; 

4^fcp/foBj^17 (21) 

wherein fpp represents focal length (mm) of a lens group that can move in the direction of an optical axis and has 
positive refracting power, and foej represents a focal length of the objective lens 

(156) In the optical pick-up apparatus described in one of (151 ) to (154), a lens group capable of moving in the direction 
of an optical axis among lens groups constituting the coupling lens has negative refracting power and satisfies the 
following expression, thus, the same effects as those in the invention described in Structure 6 are exhibited- 



- 20 < fcN/foBj ^ -3 (22) 

wherein f^N represents focal length (mm) of a lens group that can move in the direction of an optical axis and has 
negative refracting power, and fogj represents a focal length of the objective lens 

(157) In the optical pick-up apparatus described in one of (151) to (156). the objective lens is of a construction of 

1 - group and 1 -element, and at least one surface thereof is aspherical. thus, the same effects as those in the invention 
descnbed in (141) are exhibited. 

(158) In the optical pick-up apparatus described in one of (151) to (156), the objective lens is of a construction of 

2- group and 2-element. and at least two surfaces among the first - third surfaces are aspherical. thus the same effects 
as those in the invention of (142) are exhibited. 

(159) In an optical pick-up apparatus, an optical element on which the diffractive structure is provided Is made of plastic 
matenals, and therefore, the same effects as those in the invention of (143) are exhibited 

(160) In the optical pick-up apparatus described in one of (151) to (159). a lens group capable of moving in the direction 
of an optical axis among lens groups constituting the coupling lens is made of materials whose specific gravity is not 
more than 2, and therefore, the same effects as those in the invention described in Structure 10 are exhibited 

(1 61 ) In the optical pick-up apparatus described in one of (151 ) to (1 60). a quantity of light of n-th order diffraction light 
(n represents integers other than 0 and +1 ) Is greater than that of diffraction light in any other order, and the converqinq 
optical systerri stated above can converge, on an information recording plane of the optical information recording me 
drum n-th order diffraction light generated on the diffractive structure in the course of infomiation recording and/or 
reproduction for the optical information recording medium, and therefore, the same effects as those in the invention 
described in Structure 11 are exhibited. 

(162) In the optical pick-up apparatus described in one of (151) to (161), deviation of spherical aberration caused on 
each optical surface of the converging optical system by deviation of oscillation wavelength of the light source is cor- 
rected by moving at least one lens group constituting the coupling lens in the direction of an optical axis and therefore 
the same effects as those in the invention described in Structure 12 are exhibited 

(1 63) Ih the optical pick-up apparatus described in one of (1 51 ) to (1 61 ). the objective lens includes a lens fonned with 
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at least one plastic material sheet, and deviation of spherical aberration caused on each optical surface of a converging 
optical systenn by changes of temperature and humidity is corrected by moving at least one lens group constituting the 
coupling lens in the direction of an optical axis, thus, the same effects as those in the invention of (147) are exhibited. 

(164) In the optical pick-up apparatus described in one of (151) to (161). deviation of spherical aberration caused by 
5 variation of a thickness of a transparent substrate of the information recording medium is corrected by moving at least 

• one lens group constituting the coupling lens, and thus, the same effects as those in the invention of (1 48) are exhibited. 

(165) In the optical pick-up apparatus described in one of (151) to (161), deviation of spherical aberration caused on 
each optical surface of a converging optical system by combination of at least two of deviation of oscillation wavelength 
of the light source, changes of temperature and humidity, and variation of a thickness of a transparent substrate of the 

10 information recording medium, is corrected by moving at least one lens group constituting the coupling iens in the 
direction of an optical axis, and thereby, the same effects as those in the invention represented by (149) and described 
in Structure 15 are exhibited. 

(166) In the optical pick-up apparatus described in one of (151) to (165). the optical information recording medium has 
structure wherein a plurality of transparent substrates and a plurality of information recording layers are laminated 

15 alternately in this order from the surface of the optica! information recording medium, the objective lens is moved in 
the direction of an optical axis for focusing for information recording and/or reproduction for each infomnation recording 
plane, and deviation of spherical aberration caused by a difference of a thickness of the transparent substrate on each 
information recording layer is corrected by moving at least one lens group constituting the coupling lens in the direction 
of an optical axis, and thereby, the same effects as those in the invention of (150) are exhibited. 

^0 (167) A reproduction apparatus is equipped with an optical pick-up apparatus described in either one of (151) - (166) 
and is for recording voice and/or image, and/or for reproducing voice and/or image. 

[0062] The reproduction apparatus of (167) makes it possible to conduct satisfactorily recording or reproduction of 
voice and image for an advanced optical information recording medium that is higher in terms of density and larger in 
tenns of capacity than DVD, because a recording apparatus and a reproduction apparatus both for voice and image 
25 are equipped with the aforesaid optical pick-up apparatus. 

(168) An optical pick-up apparatus has therein a light source, a coupling lens that changes a divergence angle of a 
divergent light emitted from the light source, and an objective lens that converges a light flux coming through the 
coupling lens on an information recording plane of an optical information recording medium, and conducting recording 
and/or reproduction of information for the optical information recording medium by detecting light coming from the 

30 optical information recording medium, wherein the coupling iens has a function to correct chromatic aberration of the 
objective lens, while the objective lens has an aspheric surface on at least one surface thereof and satisfies the following 
expression to obtain excellent image height characteristics; 

1.1 <d1/f <3 

35 

wherein, d1 represents an axial lens thickness andf represents a focal length. 

(169) In the objective lens described in (168), the following expression is satisfied; 

f/vd < 0.060 

wherein, vd represents Abbe number. 

(170) In the objective lens described in (168) or (1 69), the following expression is satisfied; 

45 

1 .40 < n 

wherein, n represents the index of refraction at the wavelength used. 
so (1 71 ) In the objective lens described in (1 70), the following expression is satisfied. 

1.40 < n < 1.85 

55 (172) In the objective lens described in one of (1 68) or (171), the following expression is satisfied; 

0.40 < r1/(n + f) < 0.70 
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Wherein, r1 represents the paraxial radius of curvature on the light source side. 

(173) In the objective lens described in (168), it is preferable that the following expression is satisfied with respect to 
magnification m of a composite optical system; 

0.05 < Iml < 0.5 (m < 0) 

more preferably, 

0.1 < Iml < 0.5 (m < 0) 

wherein, m represents a magnification of a composite optical system of an objective lens and a coupling lens. 
[0063] When the magnification is not less than the lower limit of the conditional expression above, the composite 
optical system can be compact in size, and when It is not more than the upper limit, aberration of the coupling lens 
turns out to be better. 

(174) In the objective lens described in one of (168) to (173), it is preferable that deviation of spherical aben-ation 
caused on each optical surface of an optical system is corrected by moving the coupling lens in the direction of an 
optical axis. With regard to correction of the spherical aberration caused on a converging optical system of an optical 
pick-up apparatus, a divergence angle of a light flux entering the objective lens Is changed by moving the coupling 
lens in the direction of an optical axis by an appropriate amount, when the spherical aberration of the optical system 
fluctuates to the "over^' side or the "under" side. By virtue of this, the deviation of spherical aberration caused on the 
optical system can be canceled. 

(175) In the objective lens described in (174), it is preferable that deviation of spherical aberration caused on each 
optical surface of an optical system by slight variation of an oscillation wavelength of the light source is corrected by 
moving the coupling lens in the direction of an optical axis. With regard to correction of spherical aben-ation that is 
caused on a converging optical system of an optical pick-up apparatus when an oscillation wavelength of a semicon- 
ductor laser of the light source is fluctuated, "over" or "under spherical aberration is caused on the optical system 
when the oscillation wavelength is shifted from the standard wavelength. A divergence angle of a light flux entering 
the objective lens is changed by moving the coupling lens in the direction of an optical axis by an appropriate amount. 
By virtue of this, the deviation of spherical aberration caused on the optical system can be canceled. 

(176) In the objective lens described in (174), it is preferable that deviation of spherical aberration caused on each 
optical surface of an optical system by changes of temperature and humidity is corrected by moving the coupling lens 
in the direction of an optical axis. With regard to correction of the spherical aberration that is caused on a converging 
optical system of an optical pick-up apparatus when temperature or humidity is changed, a divergence angle of a light 
flux entering the objective lens is changed by moving the coupling lens in the direction of an optical axis by an appro- 
priate amount, when "over" or "under^* spherical aberration is caused on an optical system by changes of temperature 
or humidity. By virtue of this, the deviation of spherical aberration caused on the optical system can be canceled 

(177) In the objective lens described in (174), it is preferable that deviation of spherical aberration caused on each 
optical surface of an optical system by slight variation of a thickness of a protective layer of the optical information 
recording medium is corrected by moving the coupling lens in the direction of an optical axis. With regard to connection 
of the spherical aben-ation that is caused on an optical system by an error of a thickness of the protective layer of the 
optical information recording medium, when there is an error that the protective layer turns out to be thicker, "under 
spherical aben-ation is caused when there is an en-or that the "over spherical aben-ation turns out to be thinner in the 
optical system. In this case, a divergence angle of a light flux entering the objective lens is changed by moving the 
coupling lens in the direction of an optica! axis by an appropriate amount. By virtue of this, deviation of spherical 
aberration caused on the optical system can be canceled. 

(178) In the objective lens described in (174), It is preferable that deviation of spherical aberration caused on each 
optical surface of an optical system by a combination of at least two or more of slight deviation of an oscillation wave- 
length of the light source, changes of temperature and humidity, and slight deviation of a thickness of the protective 
layer of the optical information recording medium, is corrected by moving the coupling lens in the direction of an optical 
axis. With regard to correction of spherical aberration generated on the optical system by a combination of at least two 
or more of slight deviation of an oscillation wavelength of the laser, changes of temperature and humidity, and slight 
deviation of a thickness of the protective layer of the optical information recording medium, a divergence angle of a 
light flux entering the objective lens is changed by moving the coupling lens in the direction of an optical axis by an 
appropriate amount, even in this case. By virtue of this, deviation of spherical aben-ation caused on the optical system 

' can be canceled. 

[0064] Further, it is preferable that deviation of spherical aberration caused on each optical surface of an optical 
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system is corrected by moving the coupling lens in the direction of an optical axis so that a distance between the 
coupling lens and the objective lens nnay be increased when spherical aberration of the optical system fluctuates to 
the "over" side, and by moving the coupling lens in the direction of an optical axis so that a distance between the 
coupling lens and the objective lens may be decreased when spherical aberration of the optical system fluctuates to- 

5 the "under" side. If the coupling lens is moved in the direction of an optical axis so that the distance between the 
objective lens and the coupling lens may be increased, divergent light enters the objective lens more, compared with 
an occasion before movement of the coupling lens, which makes it possible to generate under spherical aberration on 
the objective lens. Therefore, when over spherical aberration is caused on the optical system for the reason stated 
above, if the coupling lens is moved by an appropriate amount to increase the distance between the objective lens and 

10 the coupling lens, it is possible to just cancel the generated over spherical aberration. On the contrary, if the coupling 
lens is moved in the direction of an optical axis so that a distance between the coupling lens and the objective tens 
may be decreased, converged light enters the objective lens more, compared with an occasion before movement of 
the coupling lens, which makes it possible to generate over spherical aberration on the objective lens. Therefore, when 
under spherical aberration is generated for the aforesaid reason, if the coupling lens is moved by an appropriate amount 

15 to decrease the distance between the objective lens and the coupling lens, it is possible to just cancel the generated 
under spherical aberration. 

[0065] It Is further preferable to include a moving device that moves the coupling lens in the direction of an optical 
axis. On the actual optical pick-up apparatus, a coupling lens is moved so that spherical aberration caused on an 
optical system may be corrected appropriately, while an RF signal of reproduction signal is being monitored. As a 

20 moving device for the coupling lens, it is possible to use an actuator of a voice col! type and a piezo-actuator. 

[0066] The diffractive surface used in the present specification means a configuration (or the surface) in which a 
relief is provided on the surface of the optical element, for example, the surface of the lens, and an action to change 
an angle of the light rays by the diffraction is given to it, and when there is an area in which the diffraction is generated 
or an area in which the diffraction is not generated, in one optical surface, it means the area in which the diffraction is 

25 generated. As the shape of the relief, a shape in which it is fomned, for example, on the surface of the optical element, 
as the almost concentric ring band around the optical axis, and when its cross section is viewed on the plane including 
the optical axis, it is known that each ring band is formed as the saw-toothed shape, and such the shape is included. 
Particularly, such the saw-tooth shaped ring band structure is preferable. 

[0067] In the present specifications, let it be assumed that an objective lens means, in a narrow sense, a lens that 
30 is arranged to be closest to an optical information recording medium to face it and has a light-converging function In 
an optical pick-up apparatus loaded with the optical infomaation recording medium, and means, in a broad sense, a 
lens group that is capable of being driven by an actuator at least in the direction of its optical axis together with the 
aforesaid lens. The lens group in this case means at least one or more of lenses. Therefore, in the present specifications, 
numerical aperture NA of an objective lens on the optical information recording medium side (image side) is numerical 
35 aperture NA of a light flux which has emerged from the lens surface positioned to be closest to the optical information 
recording medium on the objective lens to the optica! Information recording medium side. Further, the prescribed nu- 
merical aperture necessary for recording and/or reproduction of infomnation for an optical information recording medium 
in the present specifications is a numerical aperture stipulated by the standard of each optical Information recording 
medium, or a numerical aperture of an objective lens having the diffraction limit function capable of obtaining a spot 
40 diameter necessary for recording or reproducing information in accordance with a wavelength of the light source to be 
used for each optical infonnation recording medium. 

[0068] In the present specification, it is defined that the converging optical system means a coupling lens which 
includes at least an objective lens, and is arranged between the light source and the objective lens, and which forms 
the incident light flux into almost parallel light flux, (including a collimator which fomris the incident divergent light into 

45 the parallel light flux). However, an aggregate which is an aggregate of at least integrally functioned optical elements 
such as the beam expander, which wilt be described later, and an aggregate in which a part of optical elements con- 
stituting the aggregate can transfer along the optical axis direction, and a part of optical elements of the aggregate are 
not Included in the converging optical system herein. In this connection, the coupling lens may be composed of a 
plurality of lenses, and the structure in which those lenses are separated and the other optical elements are inserted 

50 between them, may also be allowable. 

[0069] In the present specification, it is defined that the beam expander means an aggregate of the optical elements 
such as lenses (a group of optical elements such as lens group) which can transfer at least the optical element such 
as one lens along the optical axis direction, and thereby, can change the divergent angle (including the divergent action, 
convergent action) of the emitted light flux, and by which, when almost parallel light flux is incident, almost parallel light 

55 flux can be emitted. It is preferable that a plurality of optical elements such as those lenses are integrated, and when 
it is structured so that the optical element such as at least one lens can transfer along the optical axis, a drive means 
such as a transfer apparatus to practically conduct the transfer may not be included In the beahn expander 
[0070] In the beams expander of the present specification, supposing that the diameter of almost parallel incoming 
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light flux Is "a" and the diameter of almost parallel outgoing light flux is "b", both cases that a < b (beam expanding 
system) and a > b (beans compressing system) are included. Of course, the case that a = b is included. 
[0071] In the present specification, the means for correcting the variation of the spherical aberration and the axial 
chromatic aberration, means a stmcture in which a means for correcting the variation of the spherical aberration, and 
a means for connecting the axial chromatic aberration, have both of 2 correction functions by a single means, for ex- 
ample, one optical element or its aggregate (for example, beam expander), and for example, the beam expander 
structured by the specific Abbe's number positive lens and negative lens, or the beam expander provided with the 
surface having the diffractive structure, is listed. Further, in the present specification, in the invention relating to the 
optical pick-up apparatus, so far as specifically not being regulated, it is defined that the focal length indicates a focal 
length to the oscillation wavelength of the light source which emits the light of the shortest oscillation wavelength in 
the used light source. 

[0072] In the present specification, it is defined that the minute variation of the oscillation wavelength of the light 
source indicates the wavelength variation within the range of ± 1 0 nm to the oscillation wavelength of the light source. 
Further, in the present specification, for (finely)correcting each kind of aberrations, it is preferable that, when the spher- 
ical aberration is obtained, it is not larger than 0.07 Xrms, which is so-called the diffraction limit performance, (herein, 
X is the oscillation wavelength of the used light source), and further, considering the accuracy of the machine, it is more 
preferable to be not larger than 0.05 Ajms. According to them, respectively appropriate spot sizes to various optical 
information recording media, can be obtained. 

[0073] In the present specification, as the optical infomnation recording medium (optical disk), the disk-shaped 
present optical information recording media and the next generation optical infonnation recording media such as, for 
example, each kind of CDs such as CD-R, CD-RW, CDrVideo, and CD-ROM, each kind of DVDs such as DVD-ROM, 
DVD-RAM, DVD-R, DVD-RW, and DVD-Video, or M, are also included. In this connection, the transparent substrate 
used in the present specification also includes a case where the thickness is 0, that is, the transparent substrate does 
not exist. 

[0074] In the present specification, the recording and the reproducing of the infomnation mean to record the infor- 
mation onto the information recording plane of the optical information recording media as described above, and to 
reproduce the information recorded onto the information recording plane. The optical pick-up apparatus of the present 
invention may be the apparatus used for conducting only the recording or only the reproducing, or may be the apparatus 
used for conducting both of the recording and the reproducing. Further, it may be the apparatus used for conducting 
the recording for some optical information recording medium, and for conducting the reproducing for the other optical 
infomnation recording medium, and may be the apparatus used for conducting the recording or reproducing for some 
optical infonnation recording medium, and for the other optical information recording medium, for conducting the re- 
cording and the reproducing. In this connection, the reproducing used herein, includes also only the reading of the 
information. 

[0075] The optical pick-up apparatus of the present invention can be mounted in the recording and/or reproducing 
apparatus of the audio and/or image, such as each kind of players or drives, or AV devices in which these are assembled, 
personal computers, or the other information terminal equipments. 



BRIEF DESCRIPTION OF THE DRAWINGS 

40 

[0076] 



Fig. 1 is an outline structural view of an optical pick-up apparatus according to the present embodiment. 

Fig. 2 is an optical system structural view of a negative lens 5, positive lens 4 arid objective lens 3 according to 

the example 1 . 

Fig. 3 is a spherical aberration view of the objective lens 3 according to the optical system of the example 1 . 
Fig. 4 is an optical system structural view of the negative lens 5, positive lens 4 and objective lens 3 according to 
the example 2. 

Fig. 5 is a spherical aberration view of the objective lens 3 according to the optical system of the example 2. 
Fig. 6 is an optical system structural view of the negative lens 5, positive lens 4 and objective lens 3 according to 
the example 3. 

Fig. 7 is a spherical aberration view of the objective lens 3 according to the optical system of the example 3. 
Fig. 8 is an optical system structural view of the negative lens 5, positive lens 4 and objective lens 3 according to 
the example 4. 

Fig. 9 is an optical system structural view of the negative lens 5, positive lens 4 and objective lens 3 according to 
the example 4. 

Fig. 10 a spherical aberration view of the objective lens 3 according to the optical system of the example 4. 
Fig. 11 is a spherical aben-ation view of the objective lens 3 according to the optical system of the example 4. 
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Fig. 12 is an optica! system structural view of the negative lens 5, positive lens 4 and objective lens 3 according 
to the example 5. 

Fig. 13 is an optical system structural view of the negative lens 5, positive lens 4 and objective lens 3 according 
to the example 5. 

Fig. 14 is a spherical aberration view of the objective lens 3 according to the optical system of the example 5. 
Fig. 15 is a spherical aberration view of the objective lens 3 according to the optical system of the example 5. 
Fig. 16 is an optical system structural view of the negative lens 5, positive lens 4 and objective lens 3 according 
to the example 6, 

Fig. 1 7 is a spherical aberration view of the objective lens 3 according to the optical system of the example 6. 
Fig. 18 is an optical system structural view of the negative lens 5, positive lens 4 and objective lens 3 according 
to the example 7. 

Fig. 1 9 is a spherical aberration view of the objective lens 3 according to the optical system of the example 7. 
Fig. 20 is an optical system structural view of the negative lens 5, positive lens 4 and objective lens 3 according 
to the example 8. 

Fig. 21 is a spherical aberration view of the objective tens 3 according to the optica! system of the example 8. 
Fig. 22 is an optical system structural view of the negative lens 5, positive lens 4 and objective lens 3 according 
to the example 9. 

Fig. 23 is a spherical aberration view of the objective lens 3 according to the optical system of the example 9. 
Fig. 24 is an optical system structural view of the negative lens 5, positive lens 4 and objective lens 3 according 
to the example 10. 

Fig. 25 is a spherical aberration view of the objective lens 3 according to the optical system of the example 10. 
Fig. 26 is an optical system structural view of the negative lens 5, positive lens 4 and objective lens 3 according 
to the example 10. 

Fig. 27 is an optical system structural view of the negative lens 5, positive lens 4 and objective lens 3 according 
to the example 11 . 

Fig. 28 is a spherical aberration view of the objective lens 3 according to the optical system of the example 11 . 
Fig. 29 is an optical system structural view of the negative lens 5, positive lens 4 and objective lens 3 according 
to the example 12. 

Fig. 30 is an optical system structural view of the negative lens 5, positive lens 4 and objective lens 3 according 
to the example 12. 

Fig. 31 is a spherical aberration view of the objective lens 3 according to the optical system of the example 12. 
Fig. 32 is a spherical aberration view of the objective lens 3 according to the optica! system of the example 12. 
Fig. 33 is an optical system structural view of a collimator, negative lens 5, positive lens 4 and objective lens 3 
according to the example 1 3. 

Fig. 34 is a spherical aberration view of the objective lens 3 according to the optical system of the example 13. 
Fig. 35 is an optical system structural view of the collimator, negative lens 5, positive lens 4 and objective lens 3 
according to the example 14. 

Fig. 36 is a spherical aberration view of the objective lens 3 according to the optical system of the example 14. 

Fig. 37 is a view showing the optical system according to a different embodiment. 

Fig. 38 a view showing the optical system according to a modified example of the present embodiment. 

Fig. 39(a) is a sectional view typically showing the objective lens 3' which can be used for the optical pick-up 

apparatus of the present embodiment, and Fig. 39(b) is a front view viewed from the light source side. 

Fig. 40 is an outlined structural view of an optical pickup apparatus according to the example 15. 

Fig. 41 is a sectional view of a converging optical system according to the example 15. 

Fig. 42 is a spherical aberration view of the converging optical system according to the example 15. 

Fig. 43 is a sectional view of a converging optical system according to the example 1 6. 

Fig. 44 is a spherical aberration view of the converging optical system according to the example 16. 

Fig. 45 is an outlined structural view of an optical pickup apparatus according to the example 16. 

Fig. 46 is a sectional view of a converging optical system according to the example 1 7. 

Fig. 47 is a spherical aberration view of the converging optical system according to the example 17. 

Fig. 48 is a sectional view of a converging optical system according to the example 1 8. 

Fig. 49 is a spherical aberration view of the converging optical system according to the example 18. 

Fig. 50 is a sectional view of a converging optical system according to the example 1 9. 

Fig. 51 is a spherical aberration view of the converging optical system according to the example 19. 

Fig. 52 is a sectional view of a converging optical system according to the example 20. 

Fig. 53 is a spherical aberration view of the converging optical system according to the example 20. 

Fig. 54 is an outlined structural view of an optical pickup apparatus according to the example 17. 

Fig. 55 is an outlined structural view of an optical pickup apparatus according to the example 18. 
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Fig. 56 is a sectional view of a coupling lens and an objective lens according to the exannple 21 . 
Fig. 57 is a spherical aberration view of a coupling lens and an objective lens according to the example 21 . 
Fig. 58 is a sectional view of a coupling lens and an objective lens according to the exannple 22. 
Fig. 59 is a spherical aberration view of a coupling lens and an objective lens according to the exannple 22. 
5 Fig. 60 is a sectional view of a coupling lens and an objective lens according to the example 23. 

Fig. 61 is a spherical aberration view of a coupling lens and an objective lens according to the example 23. 
Fig. 62 is a view showing another embodiment of an optical pickup apparatus employing the objective lens of the 
present invention. 

Fig. 63 is a sectional view showing an embodiment employing a refracting index distribution changing element 
10 according to the present invention. 

Fig. 64 is a sectional view showing another embodiment employing a refracting index distribution changing element 
according to the present invention. 



75 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 



[0077] The optical pick-up apparatus to conduct the recording and/or reproducing of the information of the optical 
information recording medium of the present invention has a light source, a converging optical system having the 
objective lens for converging the light flux emined from the light source onto the information recording plane of the 
optical information recording medium so that the reproducing and/or recording of the information of the optical infor- 
20 mation recording medium can be conducted, and a photo detector for receiving the reflected light flux from the infor- 
mation recording plane. The converging optical system has at least one plastic lens, and a spherical aberration deviation 
(variation) correcting element (means) for correcting the deviation (variation) of the spherical aberration of the con- 
verging optical system. The numerical aperture at the image side of the objective lens is not smaller than 0.65 (pref- 
erably, not smaller than 0.75). 

25 [0078] It is preferable that the light source is a semiconductor laser diode whose wavelength is not larger than 500 
nm so as to be applied for the high density optical information recording medium. When the wavelength is such the 
short wavelength, it is preferable because the effect of the present invention becomes conspicuous. 
[0079] It is preferable that the converging optical system has a coupling lens such as a collimator lens. The coupling 
lens may be composed of one lens, or one lens group, or comprises plurality of lenses or plurality of lens groups. 

30 Further, it is preferable that the converging optical system can converge the light flux of the wavelength X emitted from 
the light source onto the information recording plane of the optical information recording medium within a predetermined 
numerical aperture of the optical information recording medium in the condition of the wavefront aberration not larger 
than 0.07 X rms. More preferably, the converging optical system can converge the light flux in the condition of not larger 
than 0.05 X mns. 

35 [0080] The objective lens may be composed of one lens, or one lens group, or comprises plurality of lenses or plurality 
of lens groups. From the viewpoint of cost and the mounting accuracy, it is preferable that the objective lens is composed 
of a single lens. Further, it is preferable that the objective lens has at least one aspheric surface. 
[0081] The optical pick-up apparatus of the present invention can be applied for a pickup apparatus to detect the 
reflected light from the information recording plane and reproduces and/or records the infomnation. 

40 [0082] The photo detector is a detector to detect the reflected light, and an element to convert optical signals into 
electronic signals such as PDIC is preferably used. 

[0083] The plastic lens provided in the converging optical system may be an objective lens, or a coupling lens such 
as a collimator lens, or a lens constituting the spherical aberration deviation correcting element, or a lens constituting 
the axial chromatic aberration correcting element, or other lenses. Of course, all of the lenses in the converging optical 
^5 system may be made of plastic. 

[0084] The spherical aberration deviation (variation) correcting element may be composed of one optical element, 
or may have more than two optical elements. 

[0085] Further, as examples of the deviation (variation) of the spherical aberration of the converging optical system 
to be corrected by the spherical aberration deviation (variation) con-ecting element, the following examples are listed. 

50 [0086] The first example is the deviation (variation) of the spherical aberration accompanied by the change of the 
temperature and/or the humidity. For example, it is the variation of the spherical aberration generated accompanied 
by the change of at least one of the shape of the optical element (specifically, the optical element formed of plastic) 
and refractive index due to the environmental change between the temperature -30 to +85 ''C, humidity 5 % to 90 %. 
The second example is the deviation (variation) of the spherical aberration accompanied by the wavelength deviation 

55 (variation) of the light source and/or the manufacturing error of the wavelength of the light source. In this connection, 
the [wavelength deviation (variation)] used herein means that the wavelength of the light source of the optical pick-up 
apparatus is minutely varied by about -1 0 nm to +10 nm accompanied by the change of the terinperature, humidity or 
time, and the [manufacturing error of the wavelength] means the error of the wavelength due to the deviation for each 
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of light sources at the time of the production of the light source. The third example is the deviation (variation) of the 
spherical aberration accompanied by the deviation (variation) of the thickness of the transparent substrate of the optical 
information recording medium. The deviation (variation) of a thickness of the transparent substrate includes a slight 
change in a thickness of the transparent substrate (less than 100 (im preferably) of one optical infomnation recording 

5 medium, and it also includes a difference of a thickness of a transparent substrate between at least two kinds of optical 
information recording medium, and the fonner is preferably meant. The fourth example Is the deviation (variation) of 
the spherical aberration caused by the manufacturing errors of optical element of the converging optical system such 
as a lens (for example, errors of a form of the surface or errors of thickness on an optical axis) aberration caused by, 
if a spherical aberration deviation correcting element can correct the spherical aberration deviation of fourth example 

10 manufacturing precision does not need to be too severe, and lens productivity can be enhanced. 

[0087] Incidentally, when temperature rises, spherical aberration is generated on an information recording plane in 
thecaseof a refractive lens, in general, white, when temperature falls, undercorrected spherical aberration is generated. 
(However, when a objective lens having two lenses is used, undercorrected spherical aberration is sometimes gener- 
ated when temperature rises.) When humidity rises, undercorrected spherical aberration is generated on an information 

IS recording plane in the case of a refractive lens, in general, while, when humidity falls, overcon-ected spherical aberration 
is generated. When a wavelength of a light source turns out to be long, overcorrected spherical aberration is generated 
on an information recording plane in the case of a refractive lens, in general, while, when a wavelength of a light source 
turns out to be short, undercorrected spherical aberration is generated. Further, when a thickness of a transparent 
substrate of an optical information recording medium is increased, overcorrected spherical aberration is generated on 

20 an information recording plane in the case of a refractive lens, in general, while, when a thickness of a transparent 
substrate is decreased, undercorrected spherical aberration is generated. 

[0088] Further, it is preferable that spherical aben-ation deviation correcting element can correct the spherical aber- 
ration from 0.07 X rms up to 0.2 X mns to not larger than 0.07 X, mns. Further preferably, the spherical aberration from 
0.07 X rms up to 0.5 X rms can be corrected to not larger than 0.07 X rms. 
25 [0089] The spherical aberration deviation (variation) correcting element may have a movable element movable in 
the optical axis direction, or may be composed of only a fixed element. Further the spherical aberration deviation 
correcting element may be a combination of the movable element and the fixed element. 

[0090] A mode in which the spherical aben-ation deviation (variation) correcting element has the movable element 
will be described below. In the case where it has the movable element, when the movable element moves in the optical 

30 axis direction, the movable element can change the slope angle of the marginal ray of an exit light flux by moving in 
an optical axis direction, and the deviation (variation) of the spherical aberration is corrected. In this connection, the 
movable element is preferably a lens or a lens group. More preferably, the movable element has a plastic lens. When 
the spherical aven^ation deviation correcting element has the fixed element together with the movable element, the 
fixed element may also have a plastic lens. Further, preferably, the movable element has an aspheric lens having an 

35 aspheric surface on at least one surface. It may be a lens which has two aspheric surfaces. When it has the fixed 
element together with the movable element, the fixed element may also have an aspheric tens. Further, the optical 
pick-up apparatus preferably has a moving device to move the movable element In the direction of an optical axis. For 
example, the voice coil actuator or the piezoelectric actuator can be used as the moving device. 
[0091] The first example having the movable element is an example in which the converging optical system has 

40 coupling lens, and at least one lens group in the lens group constructing the coupling lens is a movable element of the 
spherical aberration deviation (variation) correcting element. The coupling lens is composed of one or plural lens 
groups, and one lens group is composed of one or plural lenses. Incidentally, with regard to a "lens group" in the 
invention, one lens or a set of plural lenses each having the same movement is regarded as one lens group, in the 
case of lenses moving in the direction of an optical axis, and one lens or a set of plural lenses which are in contact 

45 with adjacent lenses is regarded as one lens group, in the case of lenses which do not move in the direction of an 
optical axis. Therefore, when two lenses which do not move In the direction of an optical axis are present to be away 
from each other, these lenses are regarded as different lens groups. 

[0092] The one example of the frist example will be shown. The converging optical system has the coupling lens 
having at least 2 lens groups, and at least one lens group among at least 2 lens groups constituting the coupling lens 
50 is a movable element of a spherical aberration deviation correcting element. Incidentally, all lens groups constituting 
the coupling lens may move In the direction of an optical axis, or, one or plural lens groups which do not move in the 
direction of an optical axis may be used as a fixed element. The example is shown in Fig. 40. 

[0093] In this connection, in the lenses shown In Fig. 40, the coupling lens is composed of 2 elements (lenses) in 2 
groups. The positive lens is the movable element of the spherical aberration deviation correcting element. Of course, 
55 in the example 1 -1 , the one lens group of coupling lens may be composed of one lens, or a plurality of lenses. Further, 
in one lens group, a plurality of lenses may be cemented or not cemented. Further, in the example 1-1. the coupling 
lens composed of 2 lens groups may be composed of the positive lens group and the negative lens group, or may be 
composed of the positive lens group and the positive lens group. In the case of the coupling lens composed of the 
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positive lens group and negative lens group, the positive lens group may be the movable'element, or the negative lens 
group may be the movable element. In this connection, It is preferable that the coupling lens has a plastic lens. Par- 
ticularly, the movable element preferably has a plastic lens. Further, the coupling lens has preferably the aspheric lens. 
Particularly, the movable element preferably has the aspheric lens. 

5 [0094] In the example 1 -1 , when the coupling lens is composed of two lens groups, it is preferable to move a movable 
element so that a distance between two groups of the coupling lens may be reduced, when spherical aberration varies 
in the overcorrected deviation on the Infomnation recording plane, and it is preferable to move a movable element so 
that a distance between two groups of the coupling lens may be extended when spherical aberration varies in the 
undercorrected deviation on the information recording plane. 

10 [0095] Next, the another example of the first example (example 1 -2) will be shown. Also in this mode, the coupling 
lens is the movable element of the spherical aberration deviation correcting element. The coupling lens in the converg- 
ing optical system Is composed of only one lens group, and the one lens group of coupling lens is the movable element 
of the spherical aberration deviation correcting element. That example is shown in Fig. 62. 

[0096] In this connection, in the coupling lens shown in Fig. 62, the coupling lens is composed of one element in one 
^5 group, and the element is a positive lens, and the positive lens is the movable element of the spherical aberration 
deviation correcting element. Of course, in the example 1-2, one lens group of the coupling lens may be composed of 
one lens, or may be composed of a plurality of lenses. Further, in the one lens group, a plurality of lenses may be 
cemented, or not cemented. In this connection, it is preferable that the coupling lens has a plastic lens. Further, it is 
preferable that the coupling lens has an aspheric lens. 
20 [0097] In the example 1 -2, it is preferable that the following conditional expression is satisfied. 

0.05 ^ Iml ^ 0.5 (m < 0) 

iT^: the magnification of the combined system of the objective lens and the coupling lens. 
[0098] It is more preferable that the following conditional expression Is satisfied. 

0.1 ^ 1ml ^ 0.5 {m<0) 

30 

[0099] In the example 1 -2, when spherical aberration varies in the overcorrected direction on the information record- 
ing plane, it is preferable that the coupling lens is moved so that a distance between the coupling lens and the objective 
lens may be extended, while when spherical aberration varies in the under corrected direction on the infomnation 
recording plane, it is preferable that the coupling lens is moved so that a distance between the coupling lens and the 

35 objective lens may be reduced. 

[01 00] An example of an embodiment which is more preferable in the first example having therein a movable element 
will be shown below. A wavelength of a light source is not more than 500 nm, at least one lens in the coupling lens has 
a diffractive surface having a ring-shaped diffractive structure, the lens having a diffractlve surface is a plastic lens, 
and the movable element is a plastic lens and an objective lens is a plastic lens. 

40 [0101] Next, the second example having the movable element will be shown. The second example is an example in 
which the converging optical system has a coupling lens, and has the positive lens group having at least one positive 
lens and the negative lens group having at least one negative lens, between the coupling lens and the objective lens, 
and at least one of the positive lens group and the negative lens group is the movable element of the spherical aben-ation 
deviation correcting element. Further, its one example is shown in Fig. 1. 

45 [0102] In the second example, the positive lens group and the negative lens group may be composed of respectively 
one lens, or may be composed of a plurality of lenses. Further, in respective lens groups, a plurality of lenses may be 
cemented or not cemented. In this connection, it is preferable that the positive lens group, or the negative lens group 
has the plastic lens. More preferably, the movable lens groups have the plastic lens. Further, it is preferable that the 
positive lens group or the negative lens group has the aspheric lens. More preferably, the movable lens groups have 

50 the aspheric lens. 

[0103] Further, in the second example, the converging optical system may have a beam expander, and the beam 
expander may also have the positive lens group and the negative lens group. Of course, in this case also, at least one 
of the positive lens group and the negative lens group is the movable element of the spherical aberration deviation 
correcting element. It is preferable that the beam expander has a moving device to move the movable element. For 
55 example, the voice coil actuator or the piezoelectric actuator can be used as the moving device. 

[0104] In this connection, in the optical system shown in Fig. 1 , the coupling lens having positive refractive power is 
composed of one element in one group, and the one element is a positive lens and the beam expander is provided 
between the coupling lens and the objective lens, and the beam expander is composed of one negative lens and one 
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positive lens, and the negative lens is the nnovable elennent of the spherical aberration deviation correcting element. 
[0105] In the second exannple, it is preferable that the following conditional expression is satisfied. 

I fP/fN I ^ 1.1 

5 

fP: the focal distance of the positive lens group (when the positive lens group has the diffractive surface, fP is the 
total focal distance in which the refractive power and the diffractive power are combined together) 
fN: the focal distance of the negative lens group (when the negative lens group has the diffractive surface, fN is 
10 the total focal distance in which the refractive power and the diffractive power are combined together). 

[0106] More preferably, 

I f P/fN I ^ 1 .2. 

15 

[0107] Further preferably, 

2.0 ^ If P/fN 1 ^ 1.2. 

20 

[0108] Further more preferably, 

2.0 ^ IfP/fN I ^ 1.3. 

25 

[0109] In the example 2, in which a beam expander is composed of two lens groups including a positive lens group 
and a negative lens group, when spherical aberration varies in the overcorrected deviation on the information recording 
plane, it is preferable that the movable element is moved so that a distance between the two lens groups of the beam 
30 expander is reduced, while, when spherical aberration varies in the undercorrected deviation on the infomnation re- 
cording plane, it is preferable that the movable element is moved so that a distance between the two lens groups of 
the beam expander may be extended. 

[01 1 0] Incidentally, a preferable embodiment in the second example having therein a movable element will be shown 
below. A wavelength of a light source is not more than 500 nm, at least one lens among positive lens group or a negative 
35 lens group has a diffractive surface having a ring-shaped diffractive structure, a lens having a diffractive surface is a 
plastic lens, and the movable element is a plastic lens and an objective lens is a plastic lens. 

[0111] Next, there will be described an occasion wherein a spherical aberration deviation correcting element has no 
movable element but has only a fixed element which does not move in the direction of an optical axis. It is preferable 
that the fixed element is represented by an element whose refractive index distribution in the direction perpendicular 
40 to an optical axis is variable. For example, there is given a liquid crystal element. An example of a preferable fixed 
element whose refractive index distribution is variable will be shown below. 

[0112] Fig. 63 shows the example 1 . Between the objective lens and the collimator lens, there is an-anged refractive 
index distribution variable element 21 whose refractive index distribution is variable, as shown in Fig. 63. 
[0113] As refractive index distribution variable element 21 , it is possible to use an element wherein electrode layers 
45 a, b and c which are electrically connected each other and are transparent optically, for example, and refractive index 
distribution variable layers d and e which are insulated electrically from the electrode layers a, b and c and change in 
terms of refractive index distribution in accordance with impressed voltage are laminated alternatively, and optically 
transparent electrode layers a, b and c are divided into plural areas. 

[0114] In Fig. 63, when deviation of spherical aberration is detected, voltage is impressed on electrode layers a, b 
50 and c by driving means 22 for refractive index distribution variable element 21 so that refractive index of refractive 
index distribution variable layers d and e may be changed depending on locations, and a phase of light emerging from 
refractive index distribution variable element 21 is controlled so that deviation of spherical aberration may be zero. 
[0115] Fig. 64 shows an example of another refractive index distribution variable element. Refractive index distribu- 
tion variable element 23 in Fig. 64 is equipped with liquid crystal element 23a on which liquid crystal molecules are 
55 arranged in order In the arbitrary X direction on a plane perpendicular to an optical axis and with liquid crystal element 
23b on which liquid crystal molecules are arranged in order in the Y direction perpendicular to the X direction on a 
plane perpendicular to an optical axis. Liquid crystal element 23a and liquid crystal element 23b are laminated alter- 
natively with an inbetween of glass base board 23c. and 1/2 wavelength plate 23d is arranged between inner glass 
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substrate 23c. 

[0116] In Fig. 64, when deviation of spherical aben-ation is detected, deviation of spherical aberration is corrected 
by impressing voltage on each of liquid crystal element 23a and liquid crystal element 23b both of refractive index 
distribution vanable element 23 with driving means 22, and thereby, by controlling component in X direction and com- 
ponent in Y direction of light emerging from refractive index distribution variable element 23 independently 
[0117] Refractive index distribution variable element 21 and refractive Index distribution variable element 23 shown 
respectively m Fig. 63 and Fig. 64 make it possible to constitute a converging optical system which has no movable 
element and has structure that is mechanically simple. 

[01 18] Further, it is preferable that the converging optical system has the axial chromatic aberration correctinq ele- 
ment to correct the axial chromatic abemation of the converging optical system. Particularly, in the case where the 
c- ^verging optical system has the plastic lens, particulariy the objective lens is the plastic lens, a problem of the axial 
- - .matic aberration becomes conspicuous, and it is preferable that converging optical system has the axial chromatic 
.•-■erration con-ecting element. Further, in the case that the wavelength of the light source is 500 nm or less it is 
preferable to compnse the axial chromatic aben-ation correcting element, since the axial chromatic aberration becomes 
larger In this connection, the axial chromatic aberration correcting element and the spherical aberration deviation 
correcting element may be composed of the same optical elements or members, or may be composed of different 
optical elements or members. One of the axial chromatic aberration correcting element and the spherical aberration 
deviation correcting element may be Incorporated In the other one. Further, a part of the spherical aberration deviation 
correcting element and a part of the axial chromatic aberration correcting element may be the same optical element 
Further, the axial chromatic aberration correcting element may be composed of one optical element, or may have more 
than 2 optical elements. 

[0119] It is preferable that In case that the axial chromatic aberration correcting element comprises at least one 
positive lens group (including only one lens or plural lenses) having one positive lens and at least one negative lens 
group (including only one lens or plural lenses) having one negative lens, and the following condition is satisfied. 

vdP > vdN 

VdP: an average of Abbe's numbers of d lines of all the positive lenses of the conversing optical system 
VdN: an average of Abbe's numbers of d lines of all the negative lenses of the conversing optical system 

[0120] Further preferably, the following condition is satisfied. 
35 vdP > 55 

vdN < 35 

^° ^.T'^^'' 'V!'^ ?^^® °^ ^''^ examp\e in which the spherical aberration deviation correcting ele- 

ment has the movable element, as the axial chromatic aberration con-ecting element, it is preferable that the followinq 
conditional expression is satisfied. 

45 Ad • I fP/fN l/Avd s 0.05 

Ad: the movement amount (mm) of the movable element when the information is recorded or reproduced for one 
information recording plane of one arbitrary optical infonmation recording medium for which the information can 
be recorded or reproduced, 

IP: the focal length (mm) of the positive lens group (in this connection, when the diffractive surface is provided on 
the positive lens group, the total focal length in which the refractive power and the diffractive power are combined) 
fN: the focal length (mm) of the negative lens group (in this connection, when the diffractive surface is provided 
on the negative lens group, the total focal length in which the refractive power and the diffractive power are com- 
bined), Avd: the difference between the maximum value of Abbe's number of the positive lens and the minimum 
value of Abbe s number of the negative lens, in the positive lens group and the negative lens group. 

[0122] Incidentally, it is preferable that Ad is defined as follows. 

[01 23] Ad: The movement amount (mm) of a movable element necessary for correcting deviation of spherical aber- 
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ration caused by temperature rise of 30**C from standard temperature (preferably, temperature within a range of 15 - 
35**C) to 0.05 X mns or less 

[0124] Further, in the case of the above second example in which the spherical aberration deviation correcting ele- 
ment has the movable element, as the axial* chromatic aberration correcting element, it is preferable that the following 
5 conditional expression is satisfied. 

Ad • I fP/fN 1^ 0.5 

10 [0125] Further, it is preferable thatthe axial chromatic aberration con-ecting element has the diffractive surface having 
the ring-shaped diffractive structure. It is preferable because the correction can be more intensely conducted, as com- 
pared to a case in which the axial chromatic aberration is corrected by the regulation of Abbe's number. The diffractive 
surface may be provided on the objective lens, or coupling lens, or on the other lens, or on the optical element other 
than lenses. Of course, diffractive surface may also be provided on the optical element comprised in the spherical 

15 aberration deviation correcting element. Further, a diffractive surface may be provided on one side or both sides of the 
lens. The optical element provided with the diffractive surface becomes the axial chromatic aberration correcting ele- 
ment. 

[0126] Further, when axial chromatic aberration correcting element has a positive lens group having at least one 
positive lens (having only one lens or plural lenses), a negative lens group having at least one negative lens (having 
20 only one lens or plural lenses) and further, at least one diffractive surface, it is preferable that Abbe's number of d line 
for each of all positive lenses of the converging optical system is not more than 70, and Abbe's number of d line for 
each of all negative lenses of the converging optical system is not less than 40. 

[0127] When providing a axial chromatic aberration correcting element having a diffractive surface, it is preferable 
that the following conditional expression is satisfied, when "a" represents the axial chromatic aben-ation caused by 
25 reflective index dispersion of a converging optica! system (induding objective lens and other optical elements) when a 
wavelength of a light source varies (preferably, varies by - 10 nm to +10 nm), 

and "b" represents the sum total of the axial chromatic aben^ations caused by both refractive index dispersion of the 
converging optical system and a diffractive surface. 



[0128] Further, it Is preferable that the diffractive surface suppresses axial chromatic aberration caused by an ob- 
jective lens when a wavelength of a light source varies. In particular, it is preferable that axial chromatic aberration is 

35 suppressed when a wavelength slightly varies by -10 nm to +10 nm. Further when a wavelength of a light source 
varies, it is preferable that axial chromatic aberration caused by the diffractive surface and axial chromatic aben-ation 
caused by refractive index dispersion of a converging optical system offset each other for the most part (preferably, 
perfectly). Further, when the wavelength of a light source increases, it is preferable that the diffractive surface has 
wavelength characteristics which make the back focus to be short. Further, it is preferable that the diffractive surface 

40 corrects spherical aberration so that spherical aberration caused by refractive index dispersion of a converging optical 
system when a wavelength of a light source varies may be made to approach the spherical aberration of the converging 
optical system in the case of the standard wavelength. To be more concrete, it is preferable that undercorrected spher- 
ical aberration caused by the diffractive surface when a wavelength of a light source increases, corrects overcorrected 
spherical aberration caused by refractive index dispersion of the converging optical system. It is further preferable that 

45 spherical aberration caused by the diffractive surface when a wavelength of a light source varies and spherical aber- 
ration caused by the refractive index dispersion of a converging optical system offset each other for the most part 
(preferably, perfectly). When the wavelength of a light source increases. It is preferable thatthe diffractive surface has 
spherical aberration characteristics which make spherical aberration to be undercorrected. Further, it Is preferable that 
the diffractive surface generates an amount of nth-ordered diffracted ray (n represents integers other than 0, ±1) to be 

50 greater than that of anyother ordered diffracted ray. 

[01 29] Further, it is preferable thatthe axial chromatic aben-ation correcting element satisfies the following conditional 
expression. 

P2 < PI < P3 

PI : the paraxial power of the axial chromatic aberration correcting element at the wavelength of light source, 
P2: the paraxial power of the axial chromatic aberration connecting element at the wavelength which is 10 nm 
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shorter than the wavelength of the light source, 

P3: the paraxial power of the axial chromatic aberration correcting element at the wavelength which is 1 0 nm longer 
than the wavelength of the light source. 

[0130] When the axial chromatic aberration correcting element has a diffractive surface, each of the paraxial powers 
P1 , P2, P3 stated above are the total paraxial powers wherein paraxial refractive power and paraxial diffractive power 
are combined. 

[0131] When the objective lens is composed of one lens, it is preferable that the following conditional expression is 
satisfied. 

1.1 ^ dl/f ^ 3 



d1 : the axial lens thickness of the objective lens, 
^5 f : the focal distance of the objective lens 

[0132] More preferably, 1 .2 ^ d1/f ^ 2.3, and further preferably, 1 .4 ^ dl/f ^ 1 .8. 

[0133] The condition mentioned above is especially appropriate in the objective lens of an optical pickup apparatus 
used for reproducing or recording of information for only optical information recording medium or media whose nec- 
20 essary numerical aperture is 0.65 or more. 

[0134] Further, it is preferable that the objective lens is the plastic lens. 

[0135] As the material of the optical element in the present invention, the following is listed as the preferable materials. 
Further, it is more preferable that the optica! element, particularly the movable element comprised of the spherical 
aberration deviation correcting element, or the objective lens is made of the following materials. The material whose 
25 specific gravity is not larger than 2.0. The material whose saturated water absorption is not larger than 0.5 %. The 
material, for the light of the wavelength of the light source, whose internal transmitance at the 3 mm thickness is not 
smaller than 85 %. Plastics satisfying one or more of the above conditions. 

[0136] Further, the optical pick-up apparatus of the present invention may be made so that it conducts the recording 
and /or reproducing of the information of only one kind of optical information recording medium, or it can also conduct 
20 the recording and/or reproducing of the info mnation of more than 2 kinds of different optical infomaation recording media. 
[0137] For example, when the optical pick-up apparatus can conduct the recording and /or reproducing of the infor- 
mation of 2 kinds of optical information recording media, it is preferable that the optical pick-up apparatus has the first 
light source to emit the first light flux of the wavelength of X^ to conduct the reproducing and/or recording of the first 
optical information recording medium, and the second light source to emit the second light flux of the wavelength of 
35 12. (XI ^ X2) to conduct the reproducing and/or recording of the second optical information recording medium. The 
converging optical system converges at least a portion of the first light flux onto the information recording plane of the 
first optical infomnation recording medium so that the information of the first optical infomnation recording medium can 
be recorded and/or reproduced, and converges at least a portion of the second light flux onto the infomnation recording 
plane of the second optical information recording medium so that the information of the second optical information 
40 recording medium can be recorded and/or reproduced. 

[0138] In this connection, the different kind of optical information recording medium includes cases in which the 
recording density of the information is different, the necessary numerical aperture for recording and/or reproducing is 
different, the wavelength used for recording and/or reproducing of the infonnation is different, the thickness of the 
transparent substrate is different, or the combination of these cases. As a preferable example, the combination in which 
45 XI < X2, and the recording density of information of the first optical information recording medium is higher than the 
density of the second infonnation recording medium, and the transparent substrate thickness of the first optical infor- 
mation recording medium is thinner than the transparent substrate thickness of the second optical information recording 
medium, and the necessary numerical aperture for recording and/or reproducing information of the first optical infor- 
mation recording medium is larger than the necessary numerical aperture for recording and/or reproducing information 
50 of the second optical infomnation recording medium, is listed. 

[01 39] Especially, when a thickness of the first transparent substrate of the first optical information recording medium 
is different from a thickness of second transparent substrate of the second optical information recording medium, the 
spherical aberration deviation correcting element may correct variation of spherical aberration caused by a difference 
between a thickness of the first transparent substrate and that of the- second transparent substrate. 
[0140] As the structure to record and/or reproduce 2 kinds of different optical infomnation recording media by one 
optical pick-up apparatus, various modes can be applied. 

[01 41 ] As the first example, a mode in which the spherical aberration deviation correcting element having the movable 
element of the spherical aben^ation deviation correcting element is used, is listed. When the movable element of the 
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spherical aberration deviation correcting element is moved In the optical axis direction, the slop angle of the marginal 
ray of the incident light flux into the objective lens is changed, and the deviation of the spherical aberration generated 
by the difference of the transparent substrate thickness of 2 kinds of optical information recording media is corrected, 
and the light flux is converged onto respective information recording planes so that the information can be recorded 
5 • and/or reproduced. 

[0142] The second example Is a mode in which the diffractive surface is used. The diffractlve surface is provided on 
the optical element in the converging optical system, and by using the difference of the position of the focus point of 
the diffracted light by difference of the wavelengths of 2 light sources, the spherical aberration caused by the difference 
of the transparent substrate thickness of 2 kinds of the optical information recording media is connected, and the light 
10 fluxes are converged onto respective infomnation recording planes so that the information can be recorded and/or 
reproduced. The diffractive surface may be provided on the coupling lens, or the objective lens, or may be provided 
also on the other optical elements, 

[01 43] The third example is a mode in which the optical element such as an objective lens having at least 3 divided 
surfaces formed concentric circularly around the optical axis is used. When the divided surface closest to the optical 

15 axis is the first divided surface, its outside divided surface is the second divided surface, and its outside surface is the 
third divided surface, the light flux passed through the first divided surface and the third divided surface Is converged 
onto the information recording plane of the first optical information recording medium so that the information can be 
recorded and/or reproduced. On the one hand, the light flux passed through the first divided surface and the second 
divided surface is converged onto the information recording plane of the second optical information recording medium 

20 whose necessary predetermined numerical aperture is smaller than the first optica! information recording medium, so 
that the infomnation can be recorded and/or reproduced. 

[01 44] Incidentally, on the outside of the third divided surface, one or plural divided surfaces may be further provided. 
[0145] The fourth example Is an embodiment wherein an objective lens has, on its at least one surface, ring-shape 
stepped sections which divide an incident light flux through refraction effect into a ring-shaped light flux (in this case, 

25 1 st^ 2"^, . . . k-th light fluxes in the order from the optical axis side to its outside) in quantity of k (k > 3), spherical aberration 
component of wavefront aberration of the t^t and k-th light fluxes in the position of the best Image plane made by the 
1st and k-th light fluxes is 0.07 X1 mr^s or less, at least two light fluxes among the 2"d to (k-1)-th fluxes fonm a position 
of an apparent best image plane at the location different from the position of the best image plane made by the 1 and 
k-th light fluxes, and at the position of the best image plane made by the 1 and k-th light fluxes, wavefront abenration 

30 of light in each of l^t to k-th light fluxes passing through the prescribed numerical aperture on the image side of the 
objective lens needed for recording and/or reproducing of information of the first optical information recording medium 
is almost mi XI (mi is an integer and i = 1,2,..., k). 

[01 46] Further, two or more of above four examples may be combined. In all of the above 4 examples, when the light 
flux of the first light source of the wavelength X1 is converged onto the infomnation recording plane of the first optical 

35 information recording medium, it is preferable that, within the predetemnined numerical aperture for recording and/or 
reproducing infonnation of the first optical information recording medium, the wave front aberration on the Information 
recording plane is not larger than 0.07 X.1 mns, and more preferably, not larger than 0.05 k^ mns. Further, when the 
light flux of the second light source of the wavelength X2 is converged onto the information recording plane of the 
second optical information recording medium, it is preferable that, within the predetemnined numerical aperture for 

40 recording and/or reproducing infomnation of the second optical information recording medium, the wave front aberration 
on the information recording plane is not larger than 0.07 X2 rms, and more preferably, not larger than 0.05 X2 rms. 
[0147] When predetemnined numerical aperture NA1 for recording and/or reproducing information of the first optical 
infonnation recording medium is greater than predetermined numerical aperture NA2 for recording and/or reproducing 
information of the second optical infomnation recording medium, and when a light flux of the second light source having 

45 wavelength of X2 is converged on an image recording plane of the second optbal information recording medium, it is 
preferable that light fluxes within NA2 are converged so that wavefront aben-ation on the infomnation recording plane 
is 0.07 X2 rms or less, and light fluxes within NA1 are converged so that wavefront aberration on the information 
recording plane may be greater than 0.07 X2 mns. It is more preferable to be not more than 0.05 X2 rms within NA2 
and to be not less than 0.2 X2 rms within NA1 . 

50 [0148] Incidentally, when two kinds or more kinds of different optical information recording media are subjected to 
recording and/or reproducing by one optical pickup apparatus, and these optical Information recording media include 
one whose necessary numerical aperture for recording and/or reproducing infonnation is less than 0.65, and when an 
objective lens is composed of one tens, it is preferable that the following conditional expression is satisfied; 

0.7 ^ dl/f ^ 2.4 

wherein, d1 represents an axial lens thickness of the objective lens, and f represents a focal length of the objective 
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lens at XI . 

[0149] It is preferable that the objective lens satisfying the conditional expression stated above has at least one 
aspheric surface. 

[0150] Further, the optical infomnation recording medium may have a plurality of infonnation recording planes on the . 

5 one side of optical infonnation recording medium. For example, there may be listed the structure that a transparent 
substrate and a information recording layer are alternately piled in a plurality of stacked layers in the order from the 
same light flux incident side surface. In this case, the converging optical system can converge the light flux emitted 
from the light source onto respective information recording planes of the optical information recording medium so that 
the infomnation ot the optical information recording medium can be recorded and/or reproduced, 

10 [0151] For the structure to record and/or reproduce information of the optical infonnation recording medium having 
a plurality of information recording planes, various modes can be applied. For example, a mode in which the spherical 
aberration deviation correcting element having the movable element is used, is listed. When the movable element of 
the spherical aberration deviation correcting element is moved in the optical axis direction, the slope angle of the 
marginal ray of the incident light flux into the objective lens is changed, and the deviation of the spherical aben-ation 

15 generated by the position of each information recording plane is corrected, and the light flux is converged onto respec- 
tive information recording plane so that the infonnation can be recorded and/or reproduced. 

[0152] Further, in the above description, when the light flux of the wavelength X is converged onto each information 
recording plane of the optical infomnation recording medium, it is preferable that, within a predetemnined numerical 
aperture for recording and/or reproducing information of the optical infonnation recording medium, the wave front ab- 

20 erration on the Information recording plane is not larger than 0.07 X mns, and more preferably, not larger than 0.05 X rms. 
[0153] Further, it is preferable that the optical pickup apparatus of the invention has a spherical aberration deviation 
detection means that detects deviation of spherical aberration caused in a converging optical system. Based on the 
results of the detection by this detection means, the deviation of spherical aberration can also be corrected by moving 
a movable element when the spherical aberration deviation detection means has the movable element, or by changing 

25 refractive index when the spherical aberration deviation correcting element has a means whose refractive index dis- 
tribution in the direction perpendicular to an optical axis is variable. 

[0154] Further, the optical information recording medium recording and/or reproducing apparatus of the present in- 
vention in order to record and/or reproduce the infomnation of the optical infomnation recording medium, has the optical 
pick-up apparatus, as described above, of the present invention. Preferably, it has a spindle motor or a power source. 
30 [0155] The aspherical surface used in the present embodiment, is expressed by the following [Equation 1]. Where, 
X is the axis in the optical axis direction , h is the axis in the perpendicular direction to the optical axis, and the advancing 
direction of the light is positive, r is the paraxial radius of curvature, k is a conical coefficient, and Ag^ is the aspherical 
surface coefficient. 
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[Equation 1] 

X = — , ^'^^ + y A,,h'' 

[0156] The spherical surface used in the present embodiment is expressed by [Equation 2] as the optical path dif- 
ference function. 

[Equation 2] 



[0157] Referring to the drawings, the preferable embodiments of the present invention will be described below. Fig. 
1 is an outline structural view of the optical pick-up apparatus according to the present embodiment. In Fig. 1 , the first 
light source 1 1 to conduct the recording and/or reproducing for the first optical information recording medium 24, and 
55 the second light source whose wavelength is different from the first light soun::e 11 to conduct the recording and/or 
reproducing for the second optical infonnation recording medium 23 are provided, and coupling lenses 21 and 22 to 
convert the divergent angles of the divergent light fluxes emitted from respective light sources, a beam splitter 62 which 
is an optical path composition means for making the light fluxes emitted from respective light sources advance in almost 
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the same direction, an objective lens 3 to light-converge the light flux from the beam splitter 62 onto the information 
recording plane 5 of the optical information recording medium, and light detectors 41 and 42 to light-receive the reflected 
light from the optical information recording medium, are provided. In the drawing, numeral 8 is a diaphragm, numeral 
9 is a cylindrical lens, numerals 71 and 72 are 1/4 wavelength plates, numeral 15 is a coupling lens to reduce the 
5 divergent angle of the divergent light flux from the light source 11 , numeral 16 is a concave lens, and numeral 17 is a 
hologram to separate the reflected light flux. 

[0158] Further, in the present embodiment, as a means for correcting the variation of the spherical aben^ation of the 
objective lens 3 and a divergent angle changing means, a negative lens 5 and a positive lens 4 which are arranged in 
order from the light source side and an actuator 7 are provided, (hereinafter, these are also called a spherical aben-at ion 

10 correction means, and a divergent angle changing means). The actuator 7 functions as a transfer apparatus to change 
the slope angle of the marginal ray of the light flux by moving the negative lens 5 as an optical element in the optical 
axis direction. Further, relating to the present embodiment, in examples 1 to 14 showing a specific portion of the optical 
system, an example of so-called beam expander structured by the transferable negative lens 5 and the positive lens 
■ 4, is sometimes expressed as the spherical aberration correction means. In this connection, numeral 6 is an actuator 

15 to dive the objective lens 3 in the optical axis direction for focusing. It is defined that the first light source 11 can emit 
the laser light of wavelength XI = 405 nm, and the second light source 12 can emit the laser light of wavelength A2 = 
655 nm. 

[0159] In the examples being described below, in examples 1,2, 11 , 12, the diffractive surface is provided on the 
objective lens 3 and the axial chromatic aberration is corrected, and in examples 3 to 5, a specific material is used for 

20 the negative lens 5 and the positive lens 4 and the axial chromatic aberration is corrected, and in examples 6 to 8, 13 
and 14, the diffractive surface is provided on at least one of the negative lens 5 and the positive lens 4, and the axial 
chromatic aberration of the objective lens 3 is corrected, and in examples 9 and 10, the axial chromatic aberration of 
the objective lens 3 is corrected by the synergetic effect of the specific material of the negative lens 5 and the positive 
lens 4 and the diffractive surface provided on the positive lens 4. Further, examples 4, 5 and 1 2 are examples to conduct 

25 the recording or reproducing of the infomnation by using the same optical system for the different optical information 
recording media. In this connection, in the following examples of the objective lens 3, it is formed by using the plastic 
material whose saturated water absorption is not larger than 0.01 %, and whose internal transmitance by the light flux 
of the light source wavelength 400 nm is 90.5 %, and whose pemneability by the light flux of the light source wavelength 
700 nm is 92 %. Further, in the following example, in the example in which only the first light source 11 in the present 

30 embodiment shown in Fig. 1 is used, although a drawing of the specific embodiment is neglected, generally, in the 
pick-up apparatus of Fig. 1 , for example, a mode in which the second light source 12, coupling lens 22, beam splitter 
62, light detector 42, 1/4 wavelength plate 72 and hologram 17 are removed, can be applied. Each of examples will 
be described below. 

35 [Example 1] 

[0160] The data for the optical system composed of the negative lens 5, positive lens 4, and objective lens 3 in the 
example 1 is shown in Table 1 . In this connection, in the data shown hereinafter, the powers of 1 0 (for example, 2.5 x 
10-3) is expressed by using E (for example, 2.5 x E-3). Further, the first order light by the diffraction of the diffractive 
40 surface expressed by the rotation symmetry polynomial means the light in which an angle of the ray of light changes 
in the converging direction after the diffraction. 
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oo 


0.000 
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Table 1 (continued) 



Example 1 
;i1 405 nm 
NA0.85 







r(mm) 


d(mm) 




vd 


6 ( Asp h eric surface 1 , diffractive 
surface 1) 


Objective lens 


1.233 


2.688 


1 .52524 


56.5 


7 (Aspheric surface 2) 




-0.931 


0.334 






8 


Transparent substrate 


CO 


0.100 


1.51949 


30.0 


9 






0.000 







Aspheric surface 1 


K 


-6.8440E-01 


A4 


1 .7085E-02 


As 


2.441 7E-03 


As 


1.4011E-03 


A10 


3.9966E-04 


A12 


-2.0375E-04 


Al4 


1 .8903E-05 


A16 


2.6231 E-05 


A18 


2.3047E-05 


A20 


-1.4976E-05 


Aspheric surface 2 


K 


-22.173426 


A4 


0.345477 


As 


-0.821245 


As 


-0.821245 


A10 


-0.391613 


A12 


-0.252257E-03 


Ai4 


-0.109061 E-09 


A16 


-0.166822E-10 


A18 


-0.25O470E-11 


A20 


-0.370377E-12 


Diffractive surface 1 


B2 


-7.0001 E-03 



[01 61 ] Fig. 2 is an optical system structural view of the negative lens 5, positive lens 4, and objective lens 3 according 
to the example 1 . Fig. 3 is a spherical aberration view according to the objective lens 3 . 1 n the example 1 , the information 
is recorded or reproduced by the combination of the first light source 11 of the wavelength 405 nm and the image side 
numerical aperture NA 0.85 of the objective lens 3. In the present example, as the material of the negative lens 5 and 
the positive lens 4 of the means for correcting the variation of the spherical aben-ation, the materials of vdN = 23.8, 
vdP = 81 .6 are respectively selected, and further, by providing the diffractive surface on the surface of the light source 
side of the objective lens 3, the axial chromatic aben-ation generated in the objective lens 3 is corrected. Further, in 
the present example, fN =-8.13 (mm), fP = 9.48 (mm), and f = 1.765 (mm) and fD = 71.483 (mm). 
[0162] In the present example, the connection of the variation of the spherical aben-ation at the time of the minute 
variation of the oscillation wavelength of the light source (hereinafter, simply called also as the wavelength variation) 
or the temperature change, can be conducted as follows. In the case of the present example, when the wavelength 
becomes large, or the temperature rises, in the objective lens 3, the overcorrected spherical aberration is generated. 
In such the case, when the negative lens 5 is moved along the optical axis by the actuator 7. and the interval between 
the negative lens 5 and the positive !ens 4 is reduced, the undercorrected spherical aberration can be generated. When 
the negative lens 5 is moved by an appropriate amount, the overcorrected spherical aberration can be cancelled, and 
as can clearly be seen from Table 2 showing the result of the spherical aberration, the spherical aberration of the whole 
optical system becomes fine. 
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Table 2 



10 



Example 1 


Image height 
characteristic WFE rms 




y = 0\im 
Y = 1 0 [im 


0.004;^- (1.00 mm) 
0.011X 


Wavelength 
characteristic WFE rms 


+ 10 nm 


Y = 0|i.m 
Afg (^im) 


0.005A, (0.75 mm) 
+0.47 


- 1 0 nm 


Y = On-m 
AfB (lim) 


0.011 X (1.27 mm) 
-0.64 


Temperature 
characteristic WFE rms 


+ 30<*C 
-30 '^C 


Y = 0tim 


0.008A, (0.80 mm) 
0.024>.(1.22 mm) 


Note) The figure in the parentheses in the Table expresses the interval between the negative lens and the positive 
lens of the spherical aberration correction means, and the divergent angle changing means. 



[Example 2] 

[0163] The data relating to the optical system composed of the negative lens 5, positive lens 4 and objective lens 3 
in the example 2 is shown in Table 3. 



Table 3 



30 



35 



Example 2 






X^ 405 nm 






NA0.85 










r(mm) 


d(mm) 




vd 


1 


Spherical aberration correction 


-6.551 


0.800 


1.61949 


30.0 


2 


means 


5.582 


1.000 






3 




8.542 


1.200 


1 .52524 


56.5 


4 




-5.364 


1.000 






5 


(Diaphragm) 




00 


0.000 






6 


(Aspheric surface 1 , diff ractive 


Objective lens 


1.233 


2.688 


1 .52524 


56.5 




surface 1) 












7 


(Aspheric surface 2) 




-0.931 


0.334 






8 


Transparent substrate 


00 


0.100 


1.61949 


30.0 


9 




00 


0.000 






Aspheric surface 1 






K 


-6.8440E-01 






A4 


1 .7085E-02 






As 


2.441 7E-03 






As 


1.4011E-03 






A10 


3.9966E-04 






A12 


-2.0375E-04 






Al4 


1-8903E-05 






A16 


2.6231 E-05 






A18 


2.3047E-05 






A20 


-1.4976E-05 
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Example 2 










XI 405 nm 










NA0.85 














r(mm) 


d(mm) 




vd 



EP1 154 417 A2 

Tables (continued) 



Aspheric surface 2 



K 


-22.173426 




A4 


0.345477 




Ae 


-0.821245 




As 


0.890651 






-0.391613 




A12 


-0.252257E- 


-03 




-0.109061 E■ 


-09 


A16 


-0.166822E- 


-10 


A18 


-0.250470E- 


-11 


A20 


-0.370377E- 


-12 


Diffractive surface 1 




B2 


-7.0001 E-03 





[01 64] Fig. 4 is an optical system structural view of the negative lens 5, positive lens 4, and objective lens 3 according 
to the example 2. Fig. 5 is a spherical aberration view according to the objective lens 3. In the example 2, the information 
is recorded or reproduced by the combination of the first light source 11 of the wavelength 405 nm and the image side 
numerical aperture NA 0.85 of the objective lens 3. In the example 2, as the material of the negative lens 5 and the 
positive lens 4 of the means for correcting the variation of the spherical aberration, the materials of vdN = 30.0, vdP = 
56.5 are respectively selected, and further, by providing the diffractive surface on the surface of the light source side 
of the objective lens 3, the axial chromatic aberration generated in the objective lens 3 is corrected. Further, in the 
present example, fN =-4.75 (mm), fP = 6.47 (mm), and f - 1 .765 (mm) and fD = 71 .483 (mm). 

[0165] Because the correction of the variation of the spherical aben^ation at the time of the wavelength variation or 
temperature change in the present example is the same as in the example 1, the explanation is neglected. As can 
clearly be seen from Table 4 showing the correction result of the spherical aberration, the spherical aberration at the 
time of the wavelength variation or temperature change becomes fine. Further, as the objective lens 3 and the means 
for correcting the variation of the spherical aberration, when the plastic material is used for the negative lens 5 and the 
positive lens 4, the weight reduction of the optical system and the reduction of the burden onto the movable mechanism 
are attained. 

Table 4 



Example 2 


Image height 
characteristic WFE rms 




Y = Otim 
Y= 10|i.m 


0.005X(1.00 mm) 
0.009X 


Wavelength 
characteristic WFE rms 


+ 10 nm 


Y = 0p,m 
Afg (pm) 


0.005X,(0.91 mm) 
+1 .30 


- 10 nm 


Y = 0p.m 
Af B (^tm) 


0.009X(1.10 mm) 
-1.60 


Temperature . 
characteristic WFE rms 


+ 30 <*C 
-30 **C 


Y = 0|im 


0.007X (0.88 mm) 
0.017A,(1.13 mm) 


Note) The figure in the parentheses in the Table expresses the interval between the negative lens and the positive 
lens of the spherical aberration correction means, and the divergent angle changing means. 



[Example 3] 

[0166] The data relating to the optical system composed of the negative lens 5, positive lens 4 and objective lens 3 
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in the example 3 is shown in Table 5/ 
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Table 5 







r(mm) 


d(mm) 




vd 


1 


Spherical aberration correction means 


-20.486 


0.800 


1.91409 


23.8 


2 


14.729 


1.000 






3 


26.278 


1.200 


1.50717 


81.6 


4 


-7.040 


1.000 






5 (Diaphragm) 




CO 


0.000 






6 (Aspheric surface 1) 


Objective lens 


1.225 


2.845 


1 .52524 


56.5 


7 (Aspheric surface 2) 


-0.763 


0.292 






8 


Transparent substrate 


oo 


0.100 


1.61949 


30.0 


9 


oo 


0.000 







Example 3 
X1 405 nm 
NA0.S5 



Aspheric surface 1 



K 


-0.699712 


A4 


0.166009E-01 


Ae 


0.209051 E-02 


As 


0. 1 57932 E -02 




0.212509E-03 


A12 


-0.3441 84E-03 




0.119417E-04 


A16 


0. 577745 E-04 


A18 


0.4091 89E-04 


A20 


-0.257292E-04 


Aspheric surface 2 


K 


-20.033672 


A4 


0.331327 


A6-0.881378 


Aa 


0.965015 


A10 


-0.412771 


A12 


-0.252257E-03 


Ai4 


-0.110756E-09 


A16 


-0.1 68921 E-10 


A18 


-0.253030E-11 


A20 


-0.370376E-12 



[0167] Fig. 6 is an optical system structural view of the negative lens 5, positive lens 4, and objective lens 3 according 
to the example 3. Fig. 7 is a spherical aberration view according to the objective lens 3. In the example 3, the information 
is recorded or reproduced by the combination of the first light source 11 of the wavelength 405 nm and the image side 
numerical aperture NA 0.85 of the objective lens 3. In the example 3, as the material of the negative lens 5 and the 
positive lens 4. by respectively selecting the materials of vdN = 23.8 and vdP = 81 .6, the axial chromatic aberration is 
corrected. Further, in the present example, fN =-9.27 (mm). fP = 11 .08 (mm), and f = 1 .765 (mm). 
[0168] Because the correction of the variation of the spherical aberration at the time of the wavelength variation or 
temperature change in the present example is the same as in the example 1, the explanation is neglected. As can 
clearly be seen from Table 6 showing the correction result of the spherical aberration, the spherical aberration at the 
time of the wavelength variation or temperature change becomes fine. Further, when the plastic material is used for 
the objective lens 3, the weight reduction of the optical system and the reduction of the burden onto the movable 
mechanism are attained. 
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Table 6 



-Example 3 


Image height 
characteristic WFE rms 




Y = 0^m 

Y — 1 n itm 


0.01 OA, (1.00 mm) 

\J.\J \ 1 A. 


Wavelength 
characteristic WFE rms 


+ 10 nm 


Y = 0|i.m 
Afg (^m) 


0.025X (0.87 mm) 
+1.81 


- 10 nm 


Y = 0 ^.m 
Afg (|xm) 


0.021 X (1.21 mm) 
-2.03 


Temperature 
characteristic WFE rms 


+ 30 *»C 
-30 *>C 


Y = Oum 


0.028A (0.70 mm) 
0.024X,(1.28 mm) 


Note) The figure in the parentheses in the Table expresses the interval between the negative lens and the positive 
lens of the spherical aberration correction means, and the divergent angle changing means. 



[Example 4] 

[0169] The data relating to the optical system composed of the negative lens 5, positive lens 4 and objective lens 3 
in the example 4 is shown in Table 7. 
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Table 7 

Example 4 
Xl 4 05 nm 
\2 6 55 nm 
NAl 0.8 5 

NA2 0.65 







r (mm) 


a (mm) 




VCi 


1 (Aspheric 
surface 1) 




-4 .511 


0 . 800 


1 .5949 


30. 0 


2 (Aspheric 
surface 2) 


Divergent 
angle 


5 . 332 


(Variable 
interval 1 ) 






3 (Aspheric 
surface 3) 


Cxiaiiy iriy 

means 


8 . 748 


1,200 


1 . 52524 


56 .5 


4 (Aspheric 
surface 4) 




-5 . 817 


1. 700 






5 (Diaphraqtn) 




OO 


0.700 






7 (Aspheric 












surface 5, 
dif f ractive 
surface 1) 


Objective 
lens 


1 . 180 


2 . 518 


1 . 52524 


56 .5 


8 (Aspheric 
surface 5) 




-1 . 14 6 


(Variable 
interval 2) 






9 


Transparen 
t 


OO 


(Variable 
interval 3) 


1 .61949 


30,0 


10 


substrate 


OO 













^2 


Variable 
interval 1 


2,211 


0 . 602 


Variable 
interval 2 


0 .405 


0 . 261 


Variable 
interval 3 


0 . 100 


0 . 600 



Aspheric surface 1 



K -1.82245E+00 

A4 l,91843E-03 

As 1.53453E-03 

As -3,74714E-03 

Aio -3.98906E-05 

A12 -4.92552E-13 



50 
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Aspheric 


surface 2 




K 


-3 .59130E-01 


5 


A4 


-3 . 68216E-04 




As 


3 .35772E-04 




As 


-1.59195E-03 




Aio 


-7 . 62648E-04 




A12 


-4 ,15896E-10 


10 


Aspheric 


surface 3 




K 


-4 . 37805E+00 




A4 


-7 .92779E-04 




As 


1 . 00408E-03 


15 








Aio 


-1.35761E-04 




A12 


-5 . 87062E-08 




Al4 


-4 .46993E-05 




Ax6 


-1 .66320E-06 


20 


A18 


-9.66153E-07 




A20 


1 . 05818E-06 




Aspheric 


surface 4 




K 


-1 .59857E-01 


25 


A4 


7 . 04289E-05 




As 


2 .47603E-04 






3 . ^2371E-04 




Aio 


6 .12332E-05 




A12 


-5 .31635E-05 


30 


Ai4 


-3 .38725E-05 




A16 


1.91316E-06 




AlQ 


-2 .94735E-08 




A20 


6 .23600E-07 


35 


Aspheric 


surface 5 




K 


-7 .83080E-01 




A4 


2 . 01730E-02 




As 


-1 .84080E-03 


40 


As 


7 .06210E-03 


Aio 


-6 , 87170E-04 




A12 


-9 .64340E-04 




Ai4 


6 .64990E-05 




A16 


2 .60470E-04 


45 


Aia 


4 .70690E-05 


A20 


-4 .45290E-05 



50 
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Aspheric 


surface 6 




K 


-2 . 03154E+01 




A4 ' 


2 . 67833E-01 


5 




-4 . 80343E-01 




As 


_) ♦ D 0 0 0 / J—j - W J. 




Aio 


-1 . 19i03E-01 




Ax2 


4 . 67297E-03 




Ai4 


9 . 9821BE-10 


10 


Ai€ 


1 . 22952E-10 




Ais 


1 . 57221E-11 




A20 


1 . 92406E-12 




Diffractive surface 1 


15 


b2 


-1. OOOOOE-06 




b4 


-2 . 33560E-03 




be 


-7 . 29050E-04 




be 


9 . 81200E-04 


20 


bio 


5. 06860E-05 


bi2 


1 . 88310E-04 




bi4 


-1. 02330E-04 




bi€ 


5, 97500E-05 




bi8 


2.65550E-05 


25 


b20 


-1. 09350E-05 



[0170] Figs. 8 and 9 are optical system structural views of the negative lens 5, positive lens 4, and objective lens 3 
according to the example 4. Figs. 1 0 and 1 1 are spherical aberration views according to the objective lens 3 when the 
information is recorded or reproduced respectively for the different optical information recording media. The example 

30 4 is an example of the optical pick-up apparatus by which the information is recorded or reproduced by the connbination 
of the first light source 11 of the wavelength 405 nm and the optical information recording medium whose transparent 
substrate thickness is 0.6mm, or by the combination of the second light source 1 1 of the wavelength 655 nm and the 
optica! infomriation recording medium whose transparent substrate thickness is 0.6mm, by using the same optical 
system. In the example 4, as the material of the negative lens 5 and the positive lens 4, by respectively selecting the 

35 materials of vdN = 30.0 and vdP = 56.5, the axial chromatic aberration is corrected. Further, in the present example, 
fN =-3.82 (mm), fP = 6.85 (mm), and f1 = 1 .765 (mm) and fD1 = 5000000.02 (mm). In this connection, the focal length 
of the objective lens at the oscillation wavelength X2 =655 nm is f2 =1 .804. 

[0171] In the example 4, the variation of the spherical aberration generated due to the difference of the transparent 
substrate thickness in more than two kinds of optical infomnation recording media, is corrected by changing the interval 

40 of the divergent angle changing means (corresponds to a means for correcting the variation of the spherical aberration 
of the present invention, or a means for correcting the variation of the spherical aberration and the axial chromatic 
aberration) composed of one negative lens 5 and one positive lens 4 in the order from the light source side. Further, 
by providing the diffractive surface on the surface on the light source side of the objective lens 3, the spherical aberration 
Is more finely corrected. Further, the spherical aberration deviation of converging optical system at the time of the 
wavelength variation of the light source or the temperature change is also finely con-ected by changing the interval of 
the divergent angle changing means. That is, as can clearly be seen from Table 8, by changing the internal between 
the negative lens 5 and the positive lens 4 to an appropriate interval, the spherical aberration deterioration of the 
objective lens 3 at the time of the substrate thickness change, or at the time of the wavelength variation and temperature 
change, is finely corrected. Further, when the plastic material is used for the objective lens 3, negative lens 5 and 

50 positive lens 4, the weight reduction of the optical system and the reduction of the burden onto the movable mechanism 
are attained. 
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Example 4 








' 405 nm 
NA0.85 


655 nm 
NA0.65 
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Table 8 (continued) 





Example 4 


5 


Innage height 
characteristic WFE 
rms 




Y- O^im 
Y= lO^m 


0.008>, (2.27 mm) 
0.025;^ 


0.008X (0.60 mm) 
0.030>. 


10 


Wavelength 
characteristic WFE 
rms 


+ 10 nm 


Y = OM.m 
Afg (^Lm) 


0.0^9X (2.24 mm) 
+3.57 


0.005X (0.62 mm) 
+0.47 




- 10 nm 


Y = Onm 
Afg (^im) 


0.02U (2.31 mm) 
+3.57 


0.0U(0.59 mm) 
+0.47 


15 


Temperature 
characteristic WFE 
rms 


+ 30 *»C 
-30°C 


Y = O^im 


0.028X (2.15 mm) 
0.028X (2.44 mm) 


0.01 8X (0.53 mm) 
0.006X (0.58 mm) 




Note) The figure in the parentheses in the Table expresses the interval between the negative lens and the positive 
lens of the spherical aberration correction means, and the divergent angle changing means. 



20 [Example 5] 



[0172] The data relating to the optical system composed of the negative lens 5, positive lens 4 and objective lens 3 
in the example 5 is shown in Table 9. 
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Table 9 



Example 5 





}l1 4 05 ntn 
X,2 6 55 nm 
NAl 0.85 
NA2 0.65 


















r (mm) 


d (mm) 




va 


10 


1 (Aspheric 
surface 1) 




-e . 096 


1.000 


1.61949 


30.0 




2 (Aspheric 
surface 2) 


Divergent 
angle 

changing 
means 


8 .634 


(Variable 

interval 

1) 






15 


3 (Aspheric 
siarface 3) 


11. 647 


1. 500 


1,52524 


56,5 




4 (Aspheric 
siarface 4) 




-8.791 


1 . BOO 






20 


5 (Diaphraqm) 




CO 


-0 . 800 






7 (Aspheric 
surface 5 , 
dif fractive 
surface 1) 


Obj ective 
lens 


1.979 


4 . 322 


1 . 52524 


56.5 


25 


8 (Aspheric 
surface 5) 


-1,853 


(Variable 

inteirval 

2) 






30 


9 


■ Transparent 
substrate 


oo 


(Variable 

inten^al 

3) 


1 .61949 


30.0 


10 




oo 











Xl 


X2 


Variable 
interval 1 


2 . 367 


1 . 520 


Variable 
interval 2 


0 . 684 


0 . 503 


Variable 
interval 3 


0 . 100 


0 . 600 



Aspheric surface 1 



K -8.49544E-01 

A4 2.60023E-04 

A5 -1.81862E-05 

Ab -5.43678E-05 

Aio -4 . 51719E-06 

A12 -4.84352E-07 
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10 



30 



35 



40 



45 



50 



Aspheric surface 2 

K -1.51200E+00 

A4 -2 . 95477E-04 

A6 -5 . 00121E-05 

As -9 , 38876E-07 

Aio -9 .20091E-06 

A12 -4 . 37732E-07 



Aspheric surface 3 

K -1 .41587E+00 

A4 -1 .44673E-04 

As -9 . 36888E-06 

15 As 6.82686E-07 

Aio 1 . 03613E-07 

A12 1 , 93933E-09 

Ai4 -5.32563E-09 

20 Aspheric surface 4 

K -6 . 16512E-01 

A4 1 . 03046E-04 

Ag 2.00275E-06 

As -8,66334E-07 

Aio 1.568B1E-07 

A12 -1.06594E-08 

Ai4 1.065B2E-09 



Aspheric surface 5 



K 


-7 


. 775aOE- 


01 


A4 


4 


.52960E- 


03 


As 


-1 


.03310E- 


04 


As 


1 


.54300E- 


04 


Aio 


-7 


. 93870E- 


06 


A12 


-2 


. 71240E- 


06 


Ai4 


-3 


.51620E- 


09 


Ai€ 


9 


.02610E- 


08 


AiB 


6 


.04590E- 


09 


A20 


-1 


.79290E- 


09 



Aspheric surface 6 

K -2 .31402E+01 

A4 5 .47424E-02 

As -3 .25565E-02 

As 8 . 11386E-03 

Aio -B .45B83E-04 

A12 6 .59378E-05 

Ai4 -1.21099E-06 

A16 -2.46113E-06 

A18 -1 .12315E-06 

A20 9 . 53156E-11 
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Diffractive surface 1 





b2 


-5 . 88260E-07 




b4 


-2 . 47940E-04 


5 


he 


-8 . 68800E-05 




be 


1 . 67950E-05 




bio 


-4 . 00170E-07 




h^2 


-5 . 69670E-07 




bi4 


-9 . 95240E-08 


10 


bi. 


2 .40370E-08 




bi8 


3 .464B0E-09 




b20 


-5 . 18490E-10 



^5 [01 73] Figs. 1 2 and 1 3 are optical system structural views of the negative tens 5, positive lens 4, and objective lens 
3 according to the exannple 5. Figs. 14 and 15 are spherical aberration views according to the objective lens 3 when 
the infonnation is recorded or reproduced respectively forthe different optical information recording media. The example 
5 is an example of the optical pick-up apparatus by which the information is recorded or reproduced by the combination 
of the first light source 11 of the wavelength 405 nm and the optical infonnation recording medium whose transparent 

20 substrate thickness is 0.6mm, or by the combination of the second light source 1 1 of the wavelength 655 nm and the 
optical information recording medium whose transparent substrate thickness is 0.6mm, by using the same optical 
system. In the example 5, as the material of the negative lens 5 and the positive lens 4, by respectively selecting the 
materials of vdN = 30.0 and vdP = 56.5, the axial chromatic aberration is corrected. Further, in the present example, 
fN =-6.59 (mm), fP = 9.85 (mm), and f1 = 3.011 (mm) and fD1 = 849964.33 (mm). In this connection, the focal length 

25 of the objective lens at the oscillation wavelength X2 =655 nm is 12 =3.076. 

[0174] In the same manner as in the example 4, as can clearly be seen from Table 10, by changing the interval 
between the negative lens 5 and the positive lens 4 to an appropriate interval, the spherical aberration deviation of 
converging optical system at the time of the substrate thickness change, or at the time of the wavelength variation and 
temperature change, is finely corrected. Further, when the plastic material is used for the objective lens 3, negative 

30 lens 5 and positive lens 4. the weight reduction of the optical system and the reduction of the burden onto the movable 
mechanism are attained. 



Table 10 



35 


Example 5 








405 nm 
NA0.85 


655 nm 
NA 0.65 




Image height 




Y = O^m 


0.008A. (2.36 mm) 


O.O0U(1.52 mm) 


40 


characteristic WFE 
rms 




Y= lO^im 


0.02U 


0.01 9X. 




Wavelength 


+ 10 nm 


y = Oiim 


0.044X (2.35 mm) 


0.002X (1 .57 mm) 




characteristic WFE 
rms 




Afg (^im) 


+4.90 


+0.82 


45 


- 10 nm 


Y = 0^m 
Afg (M.m) 


0.045X (2.39 mm) 
-5.47 


0.002^(1.47 mm) 
-0.86 




Temperature 


+ 30 ^'C 


Y = 0^m 


0.061 X (2.22 mm) 


0.006X(1.57 mm) 


50 


characteristic WEE 
rms 


-30**C 




0.081 X (2.55 mm) 


0.004X,(1.45 mm) 




Note) The figure in the parentheses in the Table expresses the interval between the negative lens and the positive 




lens of the spherical aberration correction means, and the divergent angle changing means. 



[0175] In this connection, even when the light flux incident to the negative lens 5 of the means tor correcting the 
variation of the spherical aberration is not only the parallel light, but also the divergent light or convergent light, the 
optical system of the present invention can also be applied in the same manner. Further, although not shown in the 
drawing in the present example, a coupling lens to change the divergent angle of the light flux from the light source 
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10 



15 



20 



25 



can be provided between the light source and the spherical aberration correction means. When the diffractive surface 
'l^^ 1° OQup\xnQ lens and the diffractive structure has characteristic in which the back focus becomes 

f/If,cr ^"^ wavelength side, the axial chromatic aberration generated In the objective lens can be corrected 
I J.^ ^""^ '^"^ ""^^"^ ^P^''^^' ^y^*^"' according to the present invention is not limited to the above 

^ / ^ '^"^ described In Japanese No. 2000-060843 by the present applicant, the axial 

chromatic aberration generated In the objective lens 3 can be more finely corrected 

ffrlJi .r'"^''!!'"^^" ^ "^^"^ ^^^^^ ^'^""^"^ "^^"^^ ^"^^ astigmatic difference of the light flux from the light source 
hi wirth !■ 7^' "^^^ ^'"'^ '° ^P^«"=«l aberration correction means, is provided 

nolr„ I .T".k'"^ ' ^"'^ ""^^"^ correcting the variation of the spherical aberration (negative lens 5 
SuftoTh; t^™t '."^'^ °' """^ '•^^ '^"^ ^'^^"S^d the focal point movemeni 

to Lnnli r ?K ^"'^ astigmatism Is generated by the beam shaping element. In order 

to suppress this, when the coupling lens as disclosed in Japanese No. 2000-053858 is used, the generation of the 
astigmatism by the beam shaping element can be suppressed. 

the examples 4 and 5. the spherical aberration views forthe optical Information recording 
medium in the light source wavelength 655 nm, and the transparent substrate thickness 0.6 mm, are shown up to NA 
^n?n^TAT« ^ "T' ^''^ P^^^'"3 ^^""S*" ^" °^thediaphragms detemiined by the llghtsource wavelength 

fmL^' t '° ^- ^""^ ''S'^t flux more than NA 0.65 which does not contribute to the 

image formation, is made a flare component by using the effect of the diffractive surface provided on the objective lens 
3 hereby, the spot diameter is not excessively squeezed on the optical Information recording plane, and the detection 
of the unnecessary signal on the light receiving element of the optical pick-up apparatus can be prevented. 

[Example 6] 

[0179] The data relating to the optical system composed of the negative lens 5. positive lens 4 and objective lens 3 
in the example 6 IS shown in Table 11. 



Table 11 



Example 6 ^ 

^1 405 nm 
NA0.85 






r(mm) 


d(mm) 




vd 


1 (Aspheric surface 1) 


Spherical aberration correction 


-5.556 


0.800 


1 .52524 


56.5 


2 (Aspheric surface 2) 


means 


5.279 


1.000 






3 (Aspheric surface 3) 




12.098 


1.200 


1 .52524 


56.5 


4 (Aspheric surface 4, diffractive 
surface 1 ) 




-6.085 


1.000 






5 (Diaphragm) 




00 


-0.000 






6 (Aspheric surface 5) 


Objective lens 


1.226 


2.845 


1 .52524 


56.5 


7 (Aspheric surface 6) 




-0.763 


0.292 






8 


Transparent substrate 


00 


0.100 


1.61949 


30.0 


9 




00 


0.000 






Aspheric surface 1 
K -5.72580E-02 
A4 -1.45908E-03 
Ag 6.52770E-03 
Aq -2.53887E-03 
A10 -3.22205E-03 
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Table 11 (continued) 



Example 6 










X^ 405 nm 










NA0.85 














r(mm) 


d(mm) 


N;,1 


vd 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Aspheric surface 2 



K 


4.07593E+00 


A4 


3.63395E-03 


As 


-2.26920E-03 


As 


-2.83908E-03 


A10 


-3.04265E-04 


Aspheric surface 3 


K 


5.32508E+00 


A4 


1.06266E-04 


Ae 


-5.48799E-05 


As 


1.47470E-04 


A10 


4.06608E-04 


A12 


-1 .27769E-04 


Aspheric surface 4 


K 


1.1 3730 E+00 


A4 


.1.46440E-03 


As 


4.4031 OE-04 


As 


2.47800E-04 


A10 


4.40280E-05 


A12 


-1 .33270E-05 


Aspheric surface 5 


K 


-6.9971 2E-01 


A4 


1 .66009E-02 


Ae 


2.09051 E-03 


As 


1. 57932 E-03 


A10 


2.12509E-04 


A12 


-3.441 84E-04 


Al4 


1.19417E-05 


A16 


5.77745E-05 


A18 


4,091 89E-05 


A20 


-2.57292E-05 


Aspheric surface 6 


K 


-2.00337E+01 


A4 


3.31327E-01 


As 


-8.81378E-01 


A8 9.65015E-01 


A10 


-4.12771 E-01 


A12 


-2.52257E-04 


Ai4 


-1.10756E-10 


A16 


-1. 68921 E-11 


A18 


-2.53030E-12 


A20 


-3.70376E-13 


Diffractive surface 1 




-1.00000E-02 


b4 


4.93850E-04 


be 


2.43430E-04 


be 


1.12150E-04 


bio 


-2.73490E-05 
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[01 80] Fig. 1 6 is an optical system structural view of the negative lens 5, positive lens 4, and objective lens 3 according 
to the example 6. Fig. 17 is a spherical aberration view according to the objective lens 3. In the example 6, the infor- 
mation is recorded or reproduced by the combination of the first light source 11 of the wavelength 405 nm and the 
image side numerical aperture NA 0.85 of the objective lens 3. In the example 6, when the diffractive surface is added 
5 to the surface of the optical infomnation recording medium side of the objective lens 4, and the diffractive structure has 
• characteristics in which the back focus becomes short on the long wavelength side, the axial chromatic aberration 
generated in the objective lens 3 is corrected. Further, in the present example, fN =-0.503 (mm) fP = 6 81 (mm) and 
f1 = 1.765 (mm). 

[0181] Because the correction of the variation of the spherical aberration at the time of the wavelength variation of 
10 the light source or temperature change in the present example is the same as in the example 1 , the explanation is 
neglected. As can clearly be seen from Table 12, the spherical aberration at the time of the wavelength variation or 
temperature change becomes fine. Further, when the plastic material is used for the objective lens 3, negative lens 5 
and positive lens 4, the weight reduction of the optical system and the reduction of the burden onto the movable 
mechanism are attained. 

15 

Table 12 



Example 6 


Image height 
characteristic WFE rms 




Y = 0 ^i m 
Y= 10 ^lm 


0.008X(1.00 mm) 
0.01 7A, 


Wavelength characteristic 
WFE rms 


+ 10 nm 


Y= O^im 
Afg (nm) 


0.009X, (0.94 mm) 
+3.01 


- 10 nm 


Y = 0[im 
Afe (M-m) 


0,009^(1.06 mm) 
-3.71 


Temperature 
characteristic WFE rms 


+ 30 *C 
- 30 *»C 


Y = Ojxm 


0.005X. (0.93 mm) 
0.01 6A, (1.07 mm) 


Note) The figure in the parentheses in the Table expresses the interval between the negative lens and the positive 
lens of the spherical aberration correction means, and the divergent angle changing means 



[Example 7] 



[0182] The data relating to the optical system composed of the negative tens 5, positive tens 4 and objective lens 3 
in the example 7 is shown in Table 13. 



Table 13 



Example 7 
X1 405 nm 
NA0.85 






r(mm) 


d(mm) 




vd 


1 (Aspheric surface 1) 


Spherical aberration correction 


-6.790 


0.800 


1 .52524 


56.5 


2 (Aspheric surface 2) 


means 


4.293 


1.000 






3 (Aspheric surface 3, diffractive 
surface 1 ) 




6.555 


1.200 


1 .52524 


56.5 


4 (Aspheric surface 4, diffractive 
surface 2) 




-10.777 


1.000 






5 (Diaphragm) 






0.000 






6 (Aspheric surface 5) 


Objective Lens 


1.225 


2.845 


1 .52524 


56.5 


7 (Aspheric surface 6) 




-0.763 


0.292 
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Table 13 (continued) 



Example 7 
X^ 405 nm 
NA0.85 



r(mm) 



d(mnn) 



N 



vd 



Transparent substrate 



0.100 
0.000 



1.61949 



30.0 



10 



15 



20 



25 



30 



35 



40 



50 
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Aspheric surface 1 



K 


6.34005E-01 


A4 


-8.04474E-04 


As 


3.26482E-03 


As 


-1.10780E-03 




-2.17617E-03 


Aspheric surface 2 


K 


5.90931 E-01 


A4 


1.44067E-03 


As 


-3.12725E-03 


As 


-2.20735E-03 


A10 


-3.1 2725 E-05 


Aspheric surface 3 


K 


9.31840E-01 


A4 


1.47940E-04 


Ae 


-2.30680E-05 


As 


3.051 OOE-04 


A10 


-4.13730E-05 


Aspheric surface 4 


K 


O.OOOOOE+OO 


A4 


-1.11870E-03 


As 


6. 80430 E -04 


As 


3.66720E-04 


A10 


-2.551 60E-05 


Aspheric surface 5 


K 


-6.9971 2E-01 


A4 


1.66009E-02 


As 


2.09051 E-03 


As 


1. 57932 E-03 


A10 


2.12509E-04 


A12 


-3.441 34E-04 


Al4 


1.19417E-05 


A16 


5.77745E-05 


A18 


4.091 89E-05 


A20 


-2.57292E-05 


Aspheric surface 6 


K 


-2.00337E+01 


A4 


3.31327E-01 


Afi 


-8.81378E-01 


As 


9.6501 5E-01 


A10 


-4.12771 E-01 


A12 


-2.52257E-04 


Ai4 


-1.10756E-10 


A16 


-1. 68921 E-11 


A18 


-2.53030E-12 


A20 


-3.70376E-13 
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30 



Table 13 



Example 7 

X^ 405 nm 
NA0.85 






r(mm) 


d(mm) 




vd 


Diffractive surface 1 

-8.00000E-03 
D4 2,66130E-04 
bg 7.45750E-05 
bg -1.58010E-04 
4.671 90E-05 












Diffractive surface 2 
bg -8.00000E-03 
b4 -2.59880E-04 
be 3.77670E-04 
bg 5.66990E-05 
bio -4.26270E-05 













[01 83] Fig 1 8 IS an optical system structural view of the negative lens 5, positive lens 4, and objective lens 3 according 
to the example 7. Fig. 19 ,s a spherical aberration view according to the objective lens 3. In the example 7 the infor 
mation is recorded or reproduced by the combination of the first light source 1 1 of the wavelength 405 nm and the 

ZTJI^ kTk^"''! ^^^"""'^ '^'^ °' 3- ^"^^ example 7, when the diffractive surfaces are 

added to he both su rf aces of the negative lens 5 and the positive lens 4, and the diffractive structure have characterstics 
in which the back focus becomes short on the long wavelength side, the axial chromatic aberration generated In the 
mi^^r^"^ corrected. Further, in the present example, f N =-4.89 (mm). fP = 5.83 (mm), and f 1 = 1 .765 (mm) 
[0184] Because the correction of the variation of the spherical aberration at the time of the wavelength variation of 
the light source or temperature change in the present example is the same as In the example 1, the explanation is 
neglected. As can clearly be seen from Table 14. the spherical aberration at the time of the wavelength variation or 
temperature change becomes fine. Further, when the plastic material is used for the objective lens 3. negative lens 5 
and positive lens 4, the weight reduction of the optical system and the reduction of the burden onto the movable 
mechanism are intended. •••^vauia 



35 



40 



so 



Table 14 



Example 7 




Image height 
characteristic WFE rms 




Y = 0M,m 

Y = 10^im 


O.OOBX (1 .00 mm) 
0.01 7A, 


Wavelength 
characteristic WFE rms 


+ 10 nm 


Y = 0^m 
Afg (|im) 


0.007X. (0.95 mm) 
+0.83 


- 10 nm 


Y = 0p.m 
Afg (\xm) 


0.01 OX (1.05 mm) 
-1.21 


Temperature 
characteristic WFE rms 


+ 30 
- 30 **C 


Y = 0^m 


0.008X (0.96 mm) 
0.019^(1.05 mm) 


Note) The figure in the parentheses in the Table expresses the Interval between the n 
lens of the spherical aberration correction means, and the divergent angle changing i 


egative lens and the positive 
Tieans. 



[Example 8] 



55 



SIS examniffitJtlf ''"^ '° ?ti°^If ' '^^'^"^ ^^-^Pos^d of the negative lens 5. positive lens 4 and objective lens 3 
m the example 8 IS shown in Table 15. 
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Table 15 



5 


Example 8 
X1 405 nm 
NA0.85 








r(mm) 


d(mm) 




vd • 




1 (Aspheric surface 1 , diffractive 
surface 1) 


Spherical aberration correction 
means 


-4.781 


0.800 


1 .52524 


56.5 


10 


2 (Aspheric surface 2, diffractive 

ciirfa^o 
bUF 1 dOcf ^ J 




6.136 


1.000 








O ^Mo^llcflO oUlldOc O, (Jill 1 dwLI vc 

diffractive surface 3) 




23.371 


1.200 


1 .52524 


56.5 


15 


4 (Aspheric surface 4, diffractive 
surface 4) 




-5.587 


1.000 








5 (Diaphragm) 




00 


0.000 






20 


6 (Aspheric surface 5) 


Objective lens 


1.225 


2.845 


1 .52524 


56.5 


7 (Aspheric surface 6) 




-0.763 


0.292 








8 


Transparent substrate 


(X> 


0.100 


1.61949 


30.0 




9 




CO 


0.000 






25 
30 


Aspheric surface 1 
K -5.09350E-02 
A4 -2.561 60E-04 
Aq 2.73940E-03 
Aq -6-04320E-04 
A^o -1.04120E-03 
A12 -8.54300E-04 












35 


Aspheric surface 2 
K 2.61840E+00 
A4 1.40260E-03 
Ag -9.46360E-04 
Aq -1.03170E-03 
A10 -7.00650E-04 
At2 1-59290E-04 












40 
45 


Aspheric surface 3 
K 1 .48200E-»-0 
A4 1.08520E-04 

A3 -5.09390E-05 
A^O -9.76740E-05 
A12 -5.01720E-01 












50 


Aspheric surface 4 
K 7.6821 OE-01 
A4 -7.751 60E-04 
Ag 2.57520E-04 
Ag 2.11770E-04 
A^o 2.31350E-05 
A12 -1.82460E-05 
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Table 15 (continued) 



Example 8 










X^ 405 nm 










NA0.85 














r(mm) 


d(nnm) 




vd 



Aspheric surface 5 



K 


-6.9971 2E-01 


A4 


1.66009E-02 


As 


2.09051 E-03 


As 


1 .57932E-03 




2.12509E-04 




-3.441 84E-04 


Ai4 


1.19417E-05 


A16 


5.77745E-05 




4.091 89E-05 


^20 


-2.57292E-05 


Aspheric surface 6 


K 


-2.00337E4-01 


A4 


3.31327E-01 


As 


-8.81378E-01 


As 


9.6501 5E-01 


A-io 


-4.12771 E-01 


A^2 


-2.52257E-04 


Ai4 


-1.10756E-10 


A16 


-1 .68921 E-11 


A18 


-2.53030E-12 


A20 


-3.70376E-13 



Diffractive surface 1 



b2 


-5.000O0E-O3 


b4 


3.721 80E-04 


be 


-1 .28520E-03 


bs 


2.6841 OE-04 


bio 


1 .32790 E-05 



Diffractive surface 2 
bg -5.00000E-03 
b4 1 .24620E-03 
bg 1 .57800E-04 
bg 9.32920E-05 
b-,0 -2.48990E-04 

Diffractive surface 3 
bg -5.00000E-03 
b4 -8.23030E-05 
bg 6.12980E-05 
bg 7.98370E-05 
b^o -5.34800E-05 

Diffractive surface 4 
b2 -5.00000E-03 
b4 -5.11460E-04 
bg 6.47470E-05 
bg 3.7761 OE-05 
b^o -1.42650E-05 



[01 86] Fig. 20 is an optical system structural view of the negative lens 5, positive lens 4, and objective lens 3 according 
to the example 8. Fig. 21 is a spherical aberration view according to the objective lens 3. In the example 8, the infor- 
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mation is recorded or reproduced by the combination of the first light source 11 of the wavelength 405 nm and the 
image side numerical aperture NA 0.85 of the objective lens 3. In the example 8, when the diffractive surfaces are 
added to the both surfaces of the negative lens 5 and the positive tens 4, and the diffractive structure have characteristics 
in which the back focus becomes short on the long wavelength side, the axial chromatic aberration generated in the 

5 objective lens 3 is corrected. Further, in the present example, fN =-5.54 (mm), fP = 7.42 (mm), and f1 = 1 .765 (nnm). 
[0187] Because the correction of the variation of the spherical aben-ation at the time of the wavelength variation of 
the light source or temperature change in the present example is the same as in the example 1, the explanation is 
neglected. As can clearly be seen from Table 16, the spherical aberration at the time of the wavelength variation or 
temperature change becomes fine. Further, when the plastic material is used for the objective lens 3, negative lens 5 

10 and positive lens 4, the weight reduction of the optical system and the reduction of the burden onto the movable 
mechanism are intended. 



Table 1 6 



Example 8 


Image height 
characteristic WFE rms 




Y = 0|im 

Y = 1 0 [im 


0.009X,(1.00 mm) 
0.0^7X 


Wavelength 
characteristic WFE rms 


+ 1 0 nm 


Y = Ofim 
Afg (|im) 


O.OOBX (0.95 mm) 
+0.83 


- 10 nm 


Y = 0|im 
Afe {^) 


0.01 3A, (1.06 mm) 
-1.21 


Temperature 
characteristic WFE rms 


+ 30 **C 
-30 "^C 


Y = 0^tm 


0.007A, (0.92 mm) 
0.022X(1.08 mm) 


Note) The figure in the parentheses in the Table expresses the interval between the negative lens and the positive 
lens of the spherical aberration correction means, and the divergent angle changing means. 



[Example 9] 

[0188] The data relating to the optical system composed of the negative lens 5, positive lens 4 and objective lens 3 
in the example 9 is shown in Table 1 7. 

35 Table 17 



Example 9 
X^ 405 nm 
NA0.85 






r(mm) 


d(mm) 




vd 


1 (Asp h eric surface 1) 


Spherical aberration correction 
means 


-4.940 


0.800 


1.61949 


30.0 


2 (Asp h eric surface 2) 


5.707 


1.000 






3 (Aspheric surface 3) 


8.857 


1.200 


1 .52524 


56.5 


4 (Aspheric surface 4, diffractive 
surface 1) 


-5.570 


1.000 






5 (Diaphragm) 






0.000 






6 (Aspheric surface 5) 


Objective lens 


1.225 


2,845 


1.52524 


56.5 


7 (Aspheric surface 6) 


-0.763 


0.292 






8 


Transparent substrate 


oo 


0.100 


.1.61949 


30.0 


9 


CO 


0.000 
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Example 9 
X^ 405 nm 
NA0.85 



Aspheric surface 1 
K 7.47423E-01 
A4 -1.05216E-03 
1.831 91 E-03 
-7.42838E-04 
-1.82340E-03 



As 
As 
A10 



Aspheric surface 2 
K 2.05271 E-01 
A4 2.17539E-04 
-1.28316E-03 
-8.89776E-04 
-4.691 36E-04 



As 
As 
A10 



Aspheric surface 3 



K 


1.16167E+00 


A4 


2.41 421 E-04 


As 


-1.36517E-05 


As 


5.39496E-05 


A10 


3.14626E-05 


A12 


-4.79376E-05 


Aspheric surface 4 


K 


1.25410E-01 


A4 


-1.41630E-04 


As 


1.31960E-04 


As 


7.62960E-05 


A1O 


-3.791 70E-06 


A12 


-2.37460E-05 


Aspheric surface 5 


K 


-6.9971 2E-01 


A4 


1 .66009E-02 


As 


2.09051 E-03 


As 


1.57932E-03 


A10 


2.12509E-04 


A12 


-3.441 84E-04 


Ai4 


1.19417E-05 


A16 


5.77745E-05 


A18 


4.09189E-05 


A20 


-2.67292E-05 


Aspheric surface 6 


K 


-2.00337E+01 


A4 


3.31327E-01 


As 


-8.81378E-01 


As 


9.6501 5E-01 


A10 


-4.12771 E-01 


A12 


-2.52257E-04 


•Ai4 


-1.10756E-10 


A16 


-1 .68921 E-11 


Ais 


-2.53030E-12 


A20 


-3.70376E-13 
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Table 17 (continued) 



Example 9 
A.1 405 nm 
NA0.85 








r(nnnn) 


d(mm) 


Nxi 


vd 



Diffractive surface 1 
b2 -1.00000E-02 
b4 -5.64880E-05 
bg 6.33930E-05 
bg 6.62150E-05 
b^o -4.80270E-06 



15 [01 89] Fig. 22 is an optical system structural view of the negative lens 5, positive lens 4, and objective lens 3 according 
to the example 9. Fig. 23 is a spherical aberration view according to the objective lens 3. In the example 9, the infor- 
mation is recorded or reproduced by the combination of the first light source 1 1 of the wavelength 405 nm and the 
image side numerical aperture NA 0.85 of the objective lens 3. In the example 9, when the diffractive surface is added 
to the surface of the optical information recording medium side of the positive lens 4, and the diffractive structure has 

20 characteristics in which the bSLCk focus becomes short on the long wavelength side, the axial chromatic aben^ation 
generated in the objective lens 3 is corrected. Further, as the material of the negative lens 5 and the positive lens 4 of 
the spherical aben-ation correction means, by respectively selecting the materials of N = 30.0 and P =56.5, the axial 
chromatic aberration in the objective lens 3 is more finely corrected. Further, In the present example, f N =-4.15 (mm), 
fP = 5.91 (mm), and f 1 = 1 .765 (mm). 

25 [0190] Because the correction of the variation of the spherical aberration at the time of the wavelength variation of 
the light source or temperature change in the present example is the same as in the example 1 . the explanation is 
neglected. As can clearly be seen from Table 18, the spherical aberration at the time of the wavelength variation or 
temperature change becomes fine. Further, when the plastic material is used for the objective lens 3, negative lens 5 
and positive lens 4, the weight reduction of the optical system and the reduction of the burden onto the movable 

30 mechanism are intended. 

Table 18 



Example 9 



Image height 




Y = 


0 |j.m 


0.006>.(1.00 mm) 


characteristic WFE rms 




Y = 


lO^tm 


0.01 6X 


Wavelength 


+ 10 nm 


Y = 


0 nm 


0.006X (0.95 mm) 


characteristic WFE rms 




Afg 


(lUTl) 


+0.65 




- 10 nm 


Y = 


0 \m\ 


0.007X(1-05 mm) 






Afg 


(|im) 


-0.95 


Temperature 


+ 30 


Y = 


0 |im 


O.OOS;^ (0.95 mm) 


characteristic WFE rms 


-30 






0.012^.(1.05 mm) 



Note) The figure in the parentheses in the Table expresses the interval between the negative lens and the positive 
lens of the spherical aberration correction meanS: and the divergent angle changing means^ 



[Example 10] 

50 

[0191] The data relating to the optical system composed of the negative lens 5, positive lens 4 and objective lens 3 
in the example 1 0 is shown in Table 1 9. 
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Table 1 9 







r(fnm) 


d(mm) 


N;,1 


vd 


1 ^Mopner ic sunace i ) 


Spherical aberration correction means 


-17.882 


0.800 


1 .65845 


24.3 




7.461 


1 .500 






3 (Diffractive surface 1) 


7.218 


1.200 


1 .52491 


56.5 


4 (Diffractive surface 2) 


oo 


2.500 






5 (Diaphragm) 




oo 


-1.000 






6 (Aspheric surface 3) 


Objective lens 


1.194 


2.650 


1 .52491 


56.5 


7 (Aspheric surface 4) 


-0.975 


0.355 






8 


Transparent substrate 


oo 


0.100 


1 .61 949 


30.0 


9 


oo 


0.000 







Example 10 
X^ 405 nm 
NA 0.85 



Aspheric surface coefficient 
Aspheric surface 1 



K 


-180.985319 


A4 


0.213341 E-02 


As 


-0.309153E-03 


As 


-0. 923446 E -03 




0.434595E-03 


Aspheric surface 2 


K 


6,460482 


A4 


0.303589E-02 


As 


-0.127523E-02 


As 


-0.661 01 1E-03 


Aid 


0.354629E-03 


Aspheric surface 3 


K 


-0.683354 


A4 


0.162029E-01 


As 


0.154908E-02 


As 


0.289288E-02 


A10 


-0.36771 1E-03 


A12 


-0.358222E-03 


A14 


0.1 4841 9E-03 


A16 


0.119603E-03 


A18 


-0.302302E-04 


A20 


-0.110520E-04 



Aspheric surface 4 



K 

A4 
As 
A-jo 
^12 



-21.704418 
0.308021 

-0.639499 Aq 0.585364 
-0.215623 
-0.252265E-03 



Diffractive surface coefficient 

Diffractive surface 1 
bg -6.7880E-03 
b4 -1 .2066E-04 
Diffractive surface 2 



66 



BNS[?OCID: <EP. 



.1154417A2_I_> 



EP 1 154 417 A2 



Table 19 (continued) 



10 



15 



20 



25 



30 



35 



40 



Example 10 
X^ 405 nm 
NA 0.85 



r(mnn) d(mm) 



vd 



-9.7794E-03 
5.1838E-04 



[01 92] Fig. 24 is an optical systenn structural view of the negative lens 5, positive lens 4, and objective lens 3 according 
to the example 10. Fig. 25 is a spherical aberration view according to the objective lens 3. In the example 10, the 
information is recorded or reproduced by the combination of the first light source 11 of the wavelength 405 nm and the 
image side numerical aperture NA 0.85 of the objective lens 3. In the example 10, when the diffractive surfaces are 
added to the both surfaces of the positive lens 4, and the diffractive structure has characteristics in which the back 
focus becomes short on the long wavelength side, the axial chromatic aberration generated in the objective lens 3 is 
corrected. In this case, when the axiaf chromatic aberration of the composite system in which the objective lens 3, and 
the negative lens 5 and the positive lens 4 as the spherical aberration correction means are combined, is made in the 
overcorrected condition, as shown in Fig. 25, a spherical aberration curve of the oscillation wavelength (405 nm) of 
the first light source 11 and a spherical aben^ation curve on the long and short wavelength are made to cross each 
other. Thereby, when the mode hopping of the light source occurs, deterioration of the wave front aberration at the 
time of high frequency superimposition is very small, and for example, even when the oscillation wavelength of the 
light source is minutely varied, the shift of the position of the best image plane can be suppressed to small. Further, 
when the negative lens 5 which is the movable element as the spherical aberration correction means, is formed into 
the both side aspheric surface lens, the deterioration of the wave front aberration at the time of the decentering of the 
negative lens 5 or the tracl<ing error is suppressed to small. Further, as the material of the negative lens 5 and the 
positive lens 4, by respectively selecting the materials of vdN = 24.3 and vdP =56.5, the axial chromatic aberration in 
the objective lens 3 is corrected, and the burden of the diffractive structure added to the positive lens 4 is lightened. 
Further, in the present example, fN =-7.78 (mm), fP = 9.95 (mm), and f1 = 1 .765 (mm). 

[01 93] In the present example, because the diaphragm to regulate the light flux is arranged on the optical infonnation 
recording medium side from the top of the surface of the light source side of the objective lens 3, when the divergent 
light flux is incident, the light ray passing height of the surface on the most light source side of the objective lens 3 can 
be suppressed to small. This is preferable also for the size reduction or aben-ation correction of the objective lens 3. 
[0194] Because the correction of the variation of the spherical aberration at the time of the wavelength variation of 
the light source or temperature change in the present example is the same as in the example 1 , the explanation is 
neglected. As can clearly be seen from Table 20, the spherical aberration at the time of the wavelength variation or 
temperature change becomes fine. Further, when the plastic material is used for the objective lens 3, negative lens 5 
and positive lens 4, the weight reduction of the optical system and the reduction of the burden onto the movable 
mechanism are intended. Further, because the plastic material whose internal transmitance is high for the short wave- 
length light, is used, the large amount of lenses can be produced at low cost, and the optical system having the high 
efficiency of utilization of light is realized, in this connection, the movable mechanism is the transfer apparatus of the 
negative lens 5 and the focusing mechanism of the objective lens 3 in the example in the present specification. 

Table 20 



Example 10 


Image height 




Y = Op,m 


0.004X(1.50 mm) 


characteristic WFE rms 




Y = 10[im 


0.01U 


Wavelength 


+ 10 nm 


Y = 0[im 


0.004X, (1 .29 mm) 


characteristic WFE rms 




Afg im) 


-0.94 




- 1 0 nm 


y = 0\vm 


0.010)1(1.72 mm) 






Afg (^m) 


+0.82 


Temperature 


+ 30 "^C 


Y = 0 p.m 


0.013X(1.26 mm) 


characteristic WFE rms 


-30 '^C 




0.023A,(1.76 mm) 
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Table 20 (continued) 



Example 10 



Note) The figure in the parentheses in the Table expresses the interval between the negative lens and the positive 
lens of the spherical aberration correction means^ and the divergent angle changing means. 



10 



15 



20 



25 



[0195] tn this connection, in the present example, although not shown in Fig. 25, as shown in the embodiment in 
Fig. 1 , in the practical optical pick-up apparatus, a coupling lens such as a collimator is provided between the light 
source and the spherical aberration correction means. In this case, also the axial chromatic aberration generated in 
the coupling lens can be corrected by the structure of the present example, and the converging optical system having 
the fine chromatic aberration can be obtained. 

[0196] Further, so-called 2 layer recording system optical infomnation recording medium is well known in which, by 
providing two phase change layers for the first infomnation recording layer and the second information recording layer 
on the one side of the optical infonnation recording medium, and by recording the information on each of them, the 
storage capacity of the optical information recording medium is increased to about 2 times, however, the apparatus in 
the present example can also be applied for recording or reproducing of the information for such the 2 layer recording 
system optical information recording medium, and the spherical aberration generated by the difference in the thickness 
between the incident plane of the light flux and the infonnation recording plane of each infonnation recording layer can 
be corrected. For example, when, in the order from the incident plane of the light flux of the optical information recording 
medium, the first information recording layer and the second information recording layer are defined, as shown in Fig. 
26, by reducing the interval between the negative lens 5 and the positive lens 4 as the spherical aberration correction 
means, the recording or reproducing of the information can conducted onto the information recording plane of the 
second information recording layer. 

[Example 11] 



30 



[01 97] The data relating to the optical system composed of the negative lens 5, positive lens 4 and objective lens 3 
in the example 1 1 is shown in Table 21 . 

Table 21 



Example 11 
X^ 405 nm 
NA0.85 






r(mm) 


d(mm) 




Yd 


1 (Aspheric surface 1) 


Spherical aberration correction 


-11.505 


0.800 


1 .52491 


56.5 


2 (Aspheric surface 2) 


means 


7.202 


3.000 






3 




oo 


1.200 


1 .52491 


56.5 


4 




-6.458 


3.000 






5 (Diaphragm) 






0.000 






6 (Aspheric surface 3, diffractive 
surface 1) 


Objective lens 


1.258 


2.620 


1 .52491 


56.5 


7 (Aspheric 4) surface 4) 




-1 .023 


0.330 






8 


Transparent substrate 


oo 


0.100 


1.61950 


30.0 


9 




oo 








Aspheric surface coefficient 
Aspheric surface 1 
K= -47.861166 
A4= 0.401592x 10-2 
A6= 0.290627x 10-2 
A8= 0.694294x 10-3 
A-,o= .-0.493101 x 10-2 



35 



40 



45 



50 



55 



68 



BNSDOCID: <EP. 



1154417A2J_> 



EP 1 154 417 A2 



Table 21 (continued) 



Example 11 










X^ 405 nm 










NA0.85 














r(mm) 


d(mm) 




vd 



10 



25 



30 



35 



Aspheric surface 2 


K= 


11.392515 




0.273496 X 10*2 


A6= 


0,238867 X 1 0-2 


A8= 


-0.86487 X 10-3 


A-|o= 


-0.324593 X 10-2 


Aspheric surface 3 


K= 


-7.0631 X lO-"" 


A4= 


1.8891 X 10-2 


A6= 


-1 .2594 X 10-3 


A8= 


4.3129 X 10-3 


Aio= 


-3.1523 X 10-^ 


Ai2= 


-8.1023 X 10-4 


Ai4- 


6.1785 X 10-5 


Ai6= 


1 ,7038 X 1 0-4 


Ai8= 


-7.7915 X 10-6 


A20= 


-1.8397 X 10-5 


Aspheric surface 4 


K= 


-32.230932 


A4= 


0,202088 


Ae= 


-0.395843 


A8= 


0.286204 


Aio= 


-0.715179 X 10-'' 


Ai2= 


-0.252269 X 10-3 


Diffractive surface coefficient 


Diffractive surface 1 


b2 


-1.7601 X 10-2 


b4 


-2.3203 X 10-3 


be 


-2.1692 X 10-4 


bs 


-2.4765 X 10-5 


bio 


-9.4777 X 10-5 



40 

[0198] Fig. 27 is an optical systenn stmctural view of the negative lens 5, positive lens 4, and objective lens 3 according 
to the example 11. Fig. 28 is a spherical aberration view according to the objective lens 3. In the example 11, the 
information is recorded or reproduced by the combination of the first light source 11 of the wavelength 405 nm and the 
image side numerical aperture N A 0.85 of the objective lens 3. In the example 1 1 , when the diffractive surface is added 
45 to the surface of the light source side of the objective lens 3, and the diffractive structure has charactehstic in which 
the back focus becomes short on the long wavelength side, the axial chromatic aberration generated in the objective 
lens 3 Is corrected. Further, when the negative lens 5 which is a movable element as the spherical aberration correction 
means, is the both side aspheric lens, the deterioration of the wave front aben-ation at the time of the decentering of 
the negative lens 5 or the tracking error is suppressed to small. Further, in the present example, fN =-8.32 (mm), fP = 
12.30 (mm), and f1 = 1.765 (mm), and fD = 28.417 (mm). 

[0199] Because the correction of the variation of the spherical aberration at the time of the wavelength variation of 
the light source or temperature change in the present example is the same as in the example 1 , the explanation is 
neglected. As can cleariy be seen from Table 22, the spherical aberration at the time of the wavelength variation or 
temperature change becomes fine. Further, when the plastic material is used for the objective lens 3, negative lens 5 
55 and positive lens 4, the weight reduction of the optical system and the reduction of the burden onto the movable 
mechanism are attained. Further, because the plastic material whose internal transmitance is high for the short wave- 
length light, is used, the large amount of lenses can be produced at low cost, and the optical system having the high 
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efficiency of utilization of light is attained. 



Table 22 



Example 11 


Innage height 
characteristic WFE rms 




Y = 0 p.m 

Y = 1 0 ixm 


0 0 083L ^3 on mm^ 
0.01U 


Wavelength 
characteristic WFE rms 


+ 10 nm 


Y = 0 ^m 
Afg {[im) 


0.007?i(3.01 mm) 
+0.12 


- 10 nm 


Y = 0 |im 
Afg (|i.m) 


0.009>, (2.99 mm) 
-0.36 


Temperature 
characteristic WFE rms 


+ 30 
-30 


Y = O^m 


0.01 6X (2.80 mm) 
0.029?l(3.21 mm) 


Note) The figure in the parentheses in the Table expresses the interval between the negative lens and the positive 
lens of the spherical aberration correction means, and the divergent angle changing means. 



[Example 12] 



[0200] The data relating to the optical system composed of the negative lens 5, positive lens 4 and objective lens 3 
in the example 12 is shown in Table 23. 



Table 23 



Example 12 

XI 405 nm NA1 0.85 

X2 655 nm NA2 0.65 


Surface No. 




r(mm) 


d(mm) 




vd 


1 (Aspheric surface 1) 


Spherical aberration 
correction means 


-14.461 


1.O0O 


1 .52491 


56.5 


2 (Aspheric surface 2) 


4.468 


(variable interval 1) 






3 (Aspheric surface 3) 


5.516 


1.500 


1 .52491 


56.5 


4 






1.700 






5 (Diaphragm) 






-0.700 






3 (Aspheric surface 4, 
diffractive surface 1) 


Objective lens 


1.203 


2.497 


1 .52491 


56.5 


4 (Aspheric surface 5) 




-1 .207 


(variable interval 2) 






5 


Transparent substrate 


oo 


(variable interval 3) 


1.61950 


30.0 


6 




oo 








Aspheric surface coefficient 
Aspheric surface 1 
K= -303.128595 
A4= 0.708268 x 1 0*2 
Afi^ 0.189289x 10-"' 
Aq^ 0.190213x 10-"' 
Aio= -0.271581 X 10"2 
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Table 23 (continued) 



Example 12 










ai 405 nm NA1 0.85 










X2 655 nm NA2 0.65 










Surface No. 




r(mm) 


d(mm) 




vd 



10 



15 



25 



30 



35 



40 



45 



Aspheric surface 2 



K= 

A4= 
A6= 



3.803233 
0.588950 X 10-2 
-0.167364 X lO-i 
0.113657 X lO-"" 
0.615860 X 10-3 



Aspheric surface 3 



A4= 
A6= 
A8= 

Aio= 



1.637827 
-0.395830 X 10-2 
0.115426 X 10-2 
-0.543755 X 10-3 
0.885518 X 10-4 



Aspheric surface 4 



A6=- 

Aq= 

Aio= 
Al2= 
Al4= 
Ai6= 



6.8335 X 10-'' 
1.6203 X 10-2 

1.5491 X 10-3 
2.8929 X 10-3 
-3.6771 X 10-4 
-3.5822 X 10-4 
1.4842 X 10-4 
1.1960 X 10-4 
-3.0230 X 10-5 
-1.1052 X 10-5 



A18- 
A2o= 

Aspheric surface 5 



K= 

A4= 

A6= 
A8= 
Aio= 
Ai2= 



-26.275787 
0.291992 
-0.513328 
0.415634 

-0.137436 

-0.252265 X 10-3 



Diffractive surface coefficient 
Diffractive surface 1 
b2 -1.1002x 10-2 
b4 -1.9824x 10-3 
3.3680 X 10-4 
-9.6881 X 10-5 
-4.2391 X 10-4 
2.2319 X 10-4 
-2.3482x10-5 
-9.2757 X 10-® 



^^6 
bs 
t>10 
bl2 
bl4 

bi6 



55 





'k^ 


A2 


(Variable interval 1) 


4.000 


0.335 


(Variable 2) interval 2) 


0.377 


0.200 


(Variable interval 3) 


0.100 


0.600 
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10 



15 



20 



[0201 ] Figs. 29 and 30 are optical system structural views of the negative lens 5, positive lens 4. and objective lens 
3 according to the example 12. Figs. 31 and 32 are spherical aben-ation views according to the objective lens 3 when 
the information is recorded or reproduced respectively forthe different optical Information recording media The example 
1 2 IS an example of the optical pick-up apparatus by which the Information is recorded or reproduced by the combination 
of the first light source 11 of the wavelength 405 nm and the optical information recording medium of the transparent 
substrate thickness 0.1 mm, or by the combination of the second light source 11 of the wavelength 655 nm and the 
optical infomiation recording medium of the transparent substrate thickness 0.6 mm. In the example 12 when the 
diffractive surface is added to the surface of the light source side of the objective lens 3. the spherical aberration and 
the spherical aberration of the color, generated by the difference in the transparent substrate thickness are corrected 
Specrfically, it is conducted, by moving the negative lens 5 as the spherical aberration correction means in the optical 
axis direction, when the slope angle of the marginal ray of the light flux incident to the objective lens 3 is changed 
corresponding to the transparent substrate thickness of the infoimation recording medium. Further in the present 
example fN = -6.39 (mm), fP = 10.51 (mm), and f1 = 1 .765 (mm), and fDI = 45.46 (mm). In this connection, the focal 
length of the objective lens at the oscillation wavelength X2 = 655 nm is f2 = 1 .79. 

[0202] Because the correction of the variation of the spherical abenration at the time of the wavelength variation of 
the hght source or temperature change in the present example is the same as in the example 1, the explanation is 
neglected. As can clearly be seen from Table 24, the spherical aberration at the time of the wavelength variation or 
temperature change becomes fine. Further, when the plastic material Is used for the objective lens 3 negative lens 5 
and positive lens 4, the weight reduction of the optical system and the reduction of the burden onto the movable 
mechanism are attained. Further, because the plastic material whose internal transmltance is high for the short wave- 
length light, IS used, a large amount of lenses can be produced at low cost, and the optical system having the high 
efficiency of utilization of light is attained. 



25 



30 



35 



40 



Table 24 



45 



Example 12 






405 nm NA 0.85 


655 nm NA 0.65 


Image height 
characteristic WFE 
rms 




Y = O^im 

Y = 1 0 jim 


0.005X (4.00 mm) 
0.033A, 


0.002X (0.33 mm) 
0.014 


Wavelength 
characteristic WFE 
rms 


-1- 10 nm 


Y = 0^m 
Afg (njn) 


0,01U(4.01 mm) 
+1.45 


0.002>, (0.35 mm) 
-1.28 


- 10 nm 


Y = O^m 
Afg iiim) 


0.007X (3.99 mm) 
-1.28 


0.003X (0.32 mm) 
+1.28 


Temperature 
characteristic WFE 
rms 


+ 30 
-30 


Y = 0 M m 


0.01 6X (3.85 mm) 
0.026X (4.17 mm) 


0.005 X(0.33 mm) 
0.004 X (0.34 mm) 


Note) The figure in the parentheses in the Table expresses the interval between the negativ 
lens of the spherical aberration correction means, and the divergent angle changing mean; 


e lens and the positive 



[0203] In this connection, in the same manner as in the examples 4 and 5, when the light flux more than NA 0 65 to 
the optical infonmation recording medium of the light source wavelength 655 nm andthe transparent substrate thickness 
0.6 mm, IS made a flare component by using the effect of the diffractive surface provided on the objective lens 3 the 
spot diameter is not excessively squeezed on the information recording plane, and the detection of the unneceskarv 
signal on the light receiving element of the optical pick-up apparatus can be prevented. 

50 [Example 13] 



55 



[0204] The data relating to the optical system composed of a coupling lens 21 . or collimator corresponding to the 
coupling lenses 1 5 and 21 , the negative lens 5, positive lens 4 and objective lens 3 in the example 1 3 is shown in Table 

25. 
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Table 25 



Example 13 
X1 405 nm 
NA 0.85 



Surface No. 




r(mm) 


d(mm) 




vd 




Light source 




11.450 






1 (Aspheric surface 1) 


Coupling lens 


19.575 


1.200 


1 .52491 


56.5 


2 (Aspheric surface 2) 


-9.091 


ci2 (variable) 






3 (Aspheric surface 3) 


Spherical aberration correction means 


-7.656 


0.800 


1.52491 


56.5 


4 (Aspheric surface 4) 


21,942 


d4 (variable) 






5 (Diffractive surface 1) 




1.200 


1 .52491 


56.5 


6 (Diffractive surface 2) 


-22.590 


2.500 






7 (Diaphragm) 




oo 


0.000 






8 (Aspheric surface 5) 


Objective lens 


1.194 


2.650 


1.52491 


56.5 


9 (Aspheric surface 6) 


-0.975 


0.355 






10 


Transparent substrate 


oo 


0,100 


1.61949 


30.0 


11 


oo 


0.000 







Aspheric surface coefficient 
Aspheric surface 1 
K 117.804975 



A4 0.329240 E-02 

Afi -0.182464E-02 

Ag 0.140707E-02 
A10 -0.640870E-03 

Aspheric surface 2 

K -6.746762 

A4 0.111141 E-02 

Ag 0.282880 E-02 

Ag -0.449522E-03 
A10 -0.118579E-03 

Aspheric surface 3 

K -19.770711 

A4 -0.749547E-03 

Afi 0.187767E-02 

Aq 0.1 2331 2E-03 
A10 0.333580E-03 

Aspheric surface 4 

K 105.955239 

A4 0.446828E-02 

Aq -0.226237E-02 

Aq 0.112349E-02 
A^o 0.112686E-03 
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Example 1 3 
X^ 405 nm 
NA0.85 



Table 25 (continued) 



Surface No. 



Aspheric surface 5 



r(mm) d(mnn) 



K 


-0,683354 


A4 


0.162029E-01 


As 


0.154908E-02 


As 


0.289288E-02 




-0.367711 E-03 




-0.358222E-03 




0.1 4841 9E-03 


A16 


0.119603E-03 




-0.302302E-04 




-0.11 0520 E-04 


Aspheric surface 6 


K 


-21.704418 


A4 


0.308021 


i Ag 


-0.639499 


As 


0.585364 




-0.215623 


^12 


-0.252265E-03 



Diffractive surface coefficient 
Diffraclive surface 1 
bg -1 .0609E-02 
b4 -6.4692E-04 

Diffractive surface 2 
-1.6184E-02 
b4 5.91 62E-04 



ffnc ? ^^'^ '! ^^^^^'^ ^iew °f the collimator, negative lens 5, positive lens 4, and objective 

lens 3 aocordmg to the example 13. Fig. 34 is a spherical aberration view according to the objective lens 3. In the 
example 1 3 the information is recorded or reproduced by the combination of the first light source 1 1 of the wavelength 
405 nm and the .mage side numerical aperture NA 0.85 of the objective lens 3. In the example 13 by moving the 
negative lens 5 in the spherical aberration correction means along the optical axis direction, the slope angle of the 

generated on each optical surface of the converging optical system (collimator and the objective lens 3) is corrected 
Further, in the present example, fN = -10.71 (mm), fP = 13.18 (mm), and f1 = 1 765 (mm) 

Z'^.^'^®'-- diffractive surfaces are added to both surfaces of the positive lens 4. and the axial chromatic aberration 
having the inverse sign to that of the axial chromatic aberration generated by the optical surface of the converging 
optical system is generated in the spherical aberration correction means itself, thereby, the axial chromatic aberration 

t'Tw^^: front whtth' r 1 Chromatic abJrraS Of 
Ivtrm in h V l'^ " °" infomiation recording plane is made fine. In the converging optical 

system in the present example, when the axial chromatic aberration generated by the collimator and the objective lens 
3 are respectively AfBI , and AfB2, and ratio of them Is approximately found, because the focal length of the collimator 
IS 12 mm the magnification of the spherical aberration correction means Is 1.23 times, and the focal length of the 
oene^rjrtr ^ "^f .-7- ^^^^^^^^^ = 1/30. That is, when the absolute value of the axial chromatic aLrration 
generated by the sphencal aberration correction means is made almost the same value as the absolute value of the 

fTcuL is to^ld ^n^r'T ^'"r"*"' °' the wave front when the 

focus IS fomned on the mfomnation recording plane can be made fine. At the time, when the axial chromatic aberration 
of the composite system in which the converging optical system, and the negative lens 5 and the positive lens 4 as 
fh T .^Tf °" Po^^^^tion means are combined, is corrected in the overcorrected condition, as shown in Fig 
34. the sphencal aberration curve of the oscillation wavelength (405 nm) of the first light source 11 and the spherical 
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aberration curve of the long • short wavelength side are crossed each other Thereby, even when the mode hop phe- 
nomenon of the light source or the deterioration of the wave front aberration at the time of the high frequency super- 
imposition is very small, for example, the oscillation wavelength of the light source is minutely varied, the shift of the 
position of the best image plane can be suppressed to small. Further, when the negative lens 5 which is a movable 

5 element in the spherical aberration correction means, is biaspherical surface lens, the decentering of the negative lens 
5 or deterioration of the wave front aberration at the time of the tracking error is suppressed to small. 
[0207] As can clearly be seen from Table 26, the variation of the spherical aben-ation generated on each optical 
surface of the converging optical system due to various factors, such as at the time of the wavelength variation or 
temperature change, can be corrected, and the spherical aberration becomes fine. Further, when the plastic material 

10 is used for all of the collimator and objective lens 3, and the negative lens 5 and positive lens 4, constituting the spherical 
aberration correction means, the weight reduction of the optical system and the reduction of the burden onto the mov- 
able mechanism are attained. Further, because the plastic material whose internal transmitance is high for the short 
wavelength light, is used, a large amount of lenses can be produced at low cost, and the optical system having the 
high efficiency of utilization of light is attained. 

15 



Table 26 





Example 13 




Cause of variation of spherical aberration 


Wave front aberration after 


d2 (variable) 


d4 (variable) 


20 








correction 








Reference condition (X=405 nm, T=25 


Y = 0|im 


0.005X 


3.000 


1.500 








Y= 10[im 


0.01U 








Wavelength characteristic 


+ 10 nm 


Y = O^im 


0.005X 


3.326 


1.164 


25 


WFE rms 




Afs (M-m) 


-0.90 










- 10 nm 


Y = 0 |im 
Afg (p,m) 


0.009;^ 
+0.66 


2.623 


1.877 


30 


Temperature characteristic 


+ 30 **C 


Y = Op,m 


0.007X, 


3.363 


1.137 




WFE rms 


- 30 '^C 




0.01 9X 


2.587 


1.913 




Note) An amount of oscillation wavelength variation =+ 0.05 niWC of the light source at the temperature 




change. 













[0208] In this connection, in the present example, the negative lens 5 in the spherical aberration correction means 
is made transferable, however, the positive lens 4 may be made transferable, further, also when both lenses are made 
transferable, in the same manner, the variation of the spherical aberration of the converging optical system can be 
corrected. Further, in the present example, although the axial chromatic aberration of the converging optical system 
and the spherical aberration correction means is corrected by the diffractive structure provided on the positive lens 4 
in the spherical aberration correction means, the diffractive structure may also be provided on the surface of the other 
lens, or the optical element having the surface provided with the diffractive structure may be separately added to the 
other portion. 

[Example 14] 

[0209] The data relating to the optical system composed of a coupling lens 15, negative lens 5, positive lens 4 and 
objective lens 3 in the example 14 is shown in Table 27. 

Table 27 



Example 14 XI 405 nm NA 0.85 


Surface No. 




r(mm) 


d(mm) 




vd 




Light source 




9.300 






1 


Coupling lens 




1.000 


1 .52491 


56.5 


2 (Aspheric surface 1) 


-10.078 


d2 (variable) 
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Surface No. 




r(mm) 


d(mnn) 




vd 


3 (Aspheric surface 2) 


Spherical aberration correction means 


-7.701 


0.800 


1 .52491 


56.5 




oo 


ci4 (variable) 






5 (Diffractive surface 1) 


CO 


1.200 


1 .52491 


56.5 


6 (Diffractive surface 2) 


-15.928 


2.500 






7 (Diaphragm) 




oo 


0.000 






8 (Aspheric surface 3) 


Objective lens 


1.194 


2.650 


1.52491 


56.5 


9 (Aspheric surface 4) 


- 0.975 


0.355 






10 


Transparent substrate 


oo 


0.100 


1.61949 


30.0 


11 


oo 


0.000 







Table 27 (continued) 



Example 14X1 405 nm NAO.BS 



Aspheric surface coefficient 
Aspheric surface 1 



K 


18.245912 


A4 


-0.281 31 7E-02 


As 


0.530301 E-02 


As 


-0.2971 76E-02 


A10 


0.962649E-03 


Aspheric surface 2 


K 


-5.052328 


A4 


-0.433879E-02 


As 


0.267506E-02 


As 


0.14128E-02 


A10 


0.388234E-03 


Aspheric surface 3 


K 


-0.683354 


A4 


0.162029E-01 


As 


0.154908E-02 


Ab 


0.289288E-02 


A10 


-0.36771 1E-03 


A12 


-0.358222E-03 


Al4 


0.1 4841 9E-03 


A16 


0.119603E-03 


A18 


-0.302302E-04 


A20 


-0.110520E-04 


Aspheric surface 4 


K 


-21.704418 


A4 


0.308021 


As 


-0.639499 


As 


0.585364 




-0.215623 


A12 


0.252265E-03 



Diffractive surface coefficient 
Diffractive surface 1 
bg -1.1850E-02 
b4 -3.7111 E-04 

Diffractive surface 2 
bg -1.5129E-02 
b^ 3.5690E-04 
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[0210] Fig. 35 is an optical system structural view of the coupling lens 15. negative lens 5, positive lens 4, and 
objective lens 3 according to the example 14. The coupling leans 16 has a function to convert the strong divergent 
light flux from the first light source 11 to the weak divergent light flux. Fig. 36 is a spherical aberration view according 
to the objective lens 3. In the example 14, the infonnation is recorded or reproduced by the combination of the first 

5 ^ight source 11 of the wavelength 405 nm and the image side numerical aperture NA 0.85 of the objective lens 3. In 
the example 14, by moving the negative lens 5 in the spherical aberration correction means along the optical axis 
direction, the slope angle of the marginal ray of the light flux incident to the objective fens 3 is changed, and the variation 
of the spherical aberration generated on each optical surface of the converging optical system (coupling lens 15 and 
the objective lens 3) is corrected. Further, in the present example, fN = -1 4.67 (mm), f P = 1 1 .66 (mm), and f 1 = 1 .765 

10 (mm). 

[021 1 ] Further, diffractive surfaces are added to both surfaces of the positive lens 4, and the axial chromatic aberration 
having the inverse sign to that of the axial chromatic aberration generated by the optical surface of the converging 
optical system is generated by the spherical aberration correction means itself, thereby, the axial chromatic aberration 
generated by the optical surface of the converging optical system is corrected, and the axial chromatic aberration of 

15 the wave front when the focus is formed on the infonnation recording plane is made fine. At the time, when the axial 
chromatic aberration of the composite system in which the converging optical system, and the negative lens 5 and the 
positive lens 4 as the spherical aberration correction means are combined, is corrected in the overcorrected condition, 
as shown in Fig. 36, the spherical aberration curve of the oscillation wavelength (405 nm) of the first light source 11 
and the spherical aberration curve of the long • short wavelength side are crossed each other Thereby, even when 

20 the mode hop phenomenon of the light source or the deterioration of the wave front aberration at the time of the high 
frequency superimposition is very small, for example, the oscillation wavelength of the light source is minutely varied, 
the shift of the position of the best image plane can be suppressed to small. 

[0212] As can clearly be seen from Table 28, the variation of the spherical aberration generated on each optical 
surface of the converging optical system due to various factors, such as at the time of the wavelength variation or 

25 temperature change, can be corrected, and the spherical aberration becomes fine. Further, when the plastic material 
is used for all of the coupling lens 15 and objective lens 3, and the negative lens 5 and positive lens 4, constituting the 
spherical aberration correction means, the weight reduction of the optical system and the reduction of the burden onto 
the movable mechanism are attained. Further, because the plastic material whose permeability is high for the short 
wavelength light, is used, a large amount of lenses can be produced at low cost, and the optical system having the 

30 high efficiency of utilization is attained. Further, in the present example, because the incident light to the spherical 
aberration correction means is a weak divergent light flux, the power of the coupling lens 15 and the power of the 
negative lens 5 in the spherical aberration correction means may be small, and the deterioration of the wave front 
aberration due to the eccentricity of respective lenses can be suppressed to small. 



Table 28 



Example 14 


Cause of variation of spherical aberration 


Wave front aberration after 
correction 


d2 (variable) 


d4 (variable) 


Reference condition (X=405 nm,T=25 
**C) 


Y = O^im 
Y= 10 ^im 


0.004X 
0.012X 


3.000 


1.500 


Wavelength characteristic 
WFE rms 


+ 10 nm 


Y = 0 M.m 
Afg (M-m) 


0.003X 
-0.91 


3.308 


1.192 


- 10 nm 


Y = 0 ^m 
Afg 


0.007X 
+0.75 


2.658 


1.842 


Temperature characteristic 
WFE mns 


+ 30 *C 
-30**C 


Y = 0|±m 


0.008X 
0.01 6X 


3.338 
2.622 


1.162 
1.878 


Note) An amount of oscillation wavelength variation AX =+ 0.05 nm/**C of the light source at the temperature change. 



[0213] In this connection, in the present example, the negative lens 5 in the spherical aberration correction means 
is made transferable, however, the positive lens 4 may be made transferable, further, also when both lenses are made 
transferable, in the same manner, the variation of the spherical aberration of the converging optical system can be 
-corrected. Further, in the present example, although the axial chromatic aberration of the converging optical system 
and the spherical aberration connection means is corrected by the diffractive structure provided on the positive lens 4 
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10 



IS 



20 



2S 



30 



35 



40 



45 



in the spherical aberration correction means, the diffractive structure may also be provided on the surface of the other 
9ns, or other than this, the optical element having the surface provided with the diffractive structure may be separately 
idded to the system. ' f y 

;0214] In each of examples described above, as the spherical aberration correction means, the beam expander is 
. sed, and as the beam expander, although an example in which it is structured by a transferable negative single lens 
r.nd a positive single lens, is shown, of course, the expander is not limited to that, but it may be a stmcture composed 
of 2 lens group or more lens groups, composed of a plurality of lenses, and so long as it does not depart from the sprit 
of the present invention, various modifications are possible. 

[0215] Fig. 37 is a view showing the optical system according to the different embodiment. An element SE for cor- 
recting the vanation of the spherical aberration is inserted. Such the optical system can be used by replacing the 
negative lens 5, positive lens 4, and the objective lens 3 in Fig. 1 . 

[0216] The element SE is structured such that the X direction liquid crystal element SE1 , 1/2 wavelength plate SE2 
and Y direction liquid crystal element SE3 are respectively sandwiched among 4 glass plates SE4 from the coupling 
lens CL side. By electrically driving both liquid crystal elements SE1 and SE2, the variation of the spherical aberration 
can be corrected. Further, when the ring-shaped diffractive structure (not shown) Is provided on the surface of the 
objective lens in the coupling lens CL, the chromatic aberration of the opposite phase to the axial chromatic aberration 
generated in the objective lens OL, that is, the axial chromatic aberration which is excessively corrected (over)on the 
short wavelength side, and the axial chromatic aberration which is insufficiently corrected (under) on the long wave- 
length side, can be generated. As the result, because the axial chromatic aberration is canceled, the wave front when 
the focus IS formed on the optical information recording medium (not shown) through the element SE for correcting 
the vanation of the spherical aberration and the objective lens OL. becomes the condition in which the axial chromatic 
aberration is suppressed to small. 

[0217] Fig. 38 is a view showing the optical system according to the modification of the present embodiment In Fig 
38, because the objective lens OL and the element SE for correcting the variation of the spherical aberration are the 
same as in the embodiment shown in Fig. 37, the explanation is omitted. In Fig. 38, the coupling lens CL has the 
corriposition in which the negative lens CL1 and the positive lens CL2 are cemented together, and Abbe's number vdN 
of the negative lens CL1 and Abbe's number vdP of the positive lens CL2 have the relationship of vdN < vdP 
[021 8] As described above, when Abbe s numbers of the negative lens CL1 and the positive lens CL2 are selected 
appropriately, the coupling lens CL generates the axial chromatic aberration having the opposite sign to that of the 
axial chromatic aberration generated by the objective lens OL. that is, the overcorrected axial chromatic aberration as 
the wavelength decreases, and the undercorrected axial chromatic aberration as the wavelength increases can be 
generated. 

[0219] As the result, because the axial chromatic aberration is canceled, the wave front when the focus is formed 
on the optical information recording medium (not shown) through the coupling lens CL1 the element SE for con-ectinq 
the variation of the spherical aberration and the objective lens OL, becomes the condition in which the axial chromatic 
aberration is suppressed to small. 

[0220] Fig. 39 is a sectional view (a) typically showing an objective lens 3' applicable for the optical pick-up apparatus 
mootf^i^"^ embodiment, and a front view (b) viewed from the light source side. (Dashed line shows the optical axis ) 
[0221 ] This objective lens 3' can conduct the correction of the spherical aberration deviation due to the difference of 
the transparent substrate thickness of different optical infomiation recording media. In Fig. 36. the refractive surface 
S1 on the light source side and the refractive surface S2 on the optical disk side are both convex lenses having the 
positive refracting power, which are aspherically shaped. Further, the refractive surface SI on the light source side of 
the Objective lens is structured by 4 divided surfaces b1 to b4, coaxially with the optical axis. The borders of the divided 
surfaces are provided with steps, and respective divided surfaces are formed. According to that, the spherical aberration 
f™? "^^"^ aberration of the objective lens generate steps at portions corresponding to the border portions 
[0222] In the ordinary objective lens, the generation of the spherical aberration due to the difference In the transparent 
substrate thickness of different information recording media can not be avoided. However, the objective lens 3" used 
in the present embodiment can not perfectly correct the spherical aberration, however, as will be described below it 
is designed so that such the aben-ation is more softened. 

[0223] Initially, when the infomnation is reproduced and/or recorded forthe first optical infomiation recording medium 
the refractive surface SI and the refractive surface S2 are designed so that the spherical aberration component of the 
wave front aberration is within 0.05 X1 rms at the best image surface position. The refractive surface 81 designed 
according to this is applied for the first divided surface b1 and the fourth divided surface b4. Th6n. the new refr^tive 
surface 81 • is designed without using the refractive surface S2 as a variable, so thatthe spherical aberration component 
nels^tS ?tT< tr< 5)'"'^^'°" is within 0.05 X2 rms at the best image surface position in the transparent substrate thick- " 

[0224] This refractive surface 81 ' is made the second divided surface b2 and the third divided surface b3 and because 
the transparent substrate thickness is optimized by the-transparent substrate thickness t3, at the time of the use of the 
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first optical disk 10, the best image surface position is apparently fonried at the position different fronn the best image 
surface position formed by the first divided surface b1 and the fourth divided surface b4. However, the wave front 
aberration is the aberration in which the Inclination of the wave front aberration in the divided surface is changed and 
for example, in the first optical infomnation recording medium (for example, the next generation optical disk with the 
5 higher density and capacity than the DVD), the wave front aben-ation is right-downward, and in the second optical 
■ information recording medium (for example, DVD), reversely, it is a little right-upward. When such the divided surfaces 
are partly- provided more than 2 on the refractive surface S1 , the compatibility of the wave front aberrations in the 
different optical information recording media becomes easy. 

[0225] When the border position of each divided surface or the axial thickness of the divided surface is appropriately 

10 designed, the wave front aberration con-ection becomes possible respectively at the beam spot minimum btur-circle 
position in the next generation optical disk with the higher density and capacity than the DVD, and in the DVD, at the 
front focusing position. That is, in the next generation optical disk with the higher density and capacity than the DVD, 
the light is converged at the beam spot minimum blur-circle position by the objective lens, and the ray of light in the 
first to fourth light flux LB1 to LB4 has the spherical aberration of about several times of the wavelength X1 , that is, 

15 miX1 (mi is integer and i = 1 , 2, k), at the beam spot minimum blur-circle position. 

[0226] Further, because, in the DVD, the necessary numerical aperture NA2 is smaller than NA1 , all of the first to 
fourth light fluxes LB1 to LB4 may not be effectively used, and in the optical pick-up apparatus of the present embod- 
iment, the rays of light in the first to third light fluxes LB1 to LB3 have almost integer times of the wavelength X2, niX2 
(ni is integer and i = 1 , 2, ... , k). The fourth light flux LB4 is the unnecessary light in the case of the DVD, and is emitted 

20 as a flare at the position separated from the main spot light on the recording surface of the optical disk. Because this 
flare is vary small to the main spot light, when the diaphragm 8 is only remained as the equivalent to the necessary 
numerical aperture for the next generation optical disk with the higher density and capacity than the DVD, the repro- 
duction of the DVD can be conducted without requiring the means for changing the numerical aperture of the diaphragm 
8. Of course, at the time of the use of DVD, the diaphragm 8 having the function to shield the fourth light flux LB4 may 

25 be used. 

[0227] Accordingly, although the optical pick-up apparatus of the present example is provided with 4 divided surfaces 
b1 to b4, different from the objective lens of the related art, because it does not have a plurality of focal positions on 
each disk, the loss of the spot light amount can be reduced. Then, at the time of the use of each optical disk, the wave 
front aberration of the ray of light in the necessary numerical aperture is made almost integer times of the wavelength. 
30 and because the light fluxes passing through the necessary numerical aperture interfere with each other and enhance 
each other, the central intensity of the spot light is enhanced, and as the result, the sufficient reflection light amount 
from the optical disk is obtained, and as the interchangeable optical pick-up apparatus, the stable operation becomes 
possible. 

[0228] In this connection, in the present example, 4 divided surfaces are provided on the objective lens, however, 
35 an objective lens with the surface having 3 portions to divide the incident light flux into practically 3 light fluxes, so as 
to be basically 3 divided surfaces, can also be used for the objective lens of the present invention. For example, it is 
a well known objective lens structured such that it has, on at least one surface, at least the first portion, the second 
portion and the third portion which divide the light flux emitted from the light source into a plurality of light fluxes by the 
refractive action in the order from the optical axis side toward its outer penphery, wherein the first portion and the third 
40 portion can converge the light flux from the light source onto the infonnation recording plane so that these can record 
or reproduce the information for the information recording plane of the first optical information recording medium of the 
transparent substrate thickness t1 . and further, the first portion and the second portion can converge the light flux from 
the light source onto the infonnation recording plane so that these can record or reproduce the information for the 
infomnation recording plane of the second optical information recording medium of the transparent substrate thickness 
45 12 (ti <t2). 

[0229] According to the present embodiment, an optical pick-up apparatus and optical system which can effectively 
correct the axial chromatic aberration due to the mode hopping of the semiconductor laser, an optical pick-up apparatus 
and optical system which can effectively correct the variation of the spherical aberration of the converging optical 
system due to the temperature and humidity change, and an optical pick-up apparatus which is provided with the short 
50 wavelength laser and the high NA objective lens, and which can record or reproduce the information for the different 
kind of optical information recording media, can be provided. In this connection, of course, the present invention is not 
limited to the above embodiments or various examples. 

[0230] A preferred embodiment of the invention will be explained as follows, referring to drawings. Fig. 40 is a sche- 
matic structure diagram of an optical pick-up apparatus pertaining to Embodiment 15. 
55 [0231] The optical pick-up apparatus in Fig. 40 is equipped with semiconductor laser 3 representing a light source, 
coupling lens 2 (composed of two lens groups, namely of lens elements 2a and 2b wherein lens element 2a has positive 
refractive power, while lens element 2b has negative efractive power, and this applies also to the following embodiment) 
that changes a divergence angle of a divergent light emitted from light source 3, objective lens 1 that converges a light 
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flux coming from coupling lens 2 on infonnation recording plane 5 of an optical information recording medium, and 
detector 4 that receives reflected light from the infomnation recording plane 5 of the optical infonnation recording me- 
dium. The coupling lens 2 and the objective lens 1 constitute a converging optical system. 

[0232] The optical pick-up apparatus in Fig. 40 is further equipped with beam splitter 6 that separates reflected light 
coming from information recording plane 5 toward detector 4, 1/4 wavelength plate 7 provided between coupling lens 
2 and objective lens 1 , diaphragm 8 provided to be ahead of objective lens 8, cylindrical lens 9, and actuator for focus 
tracking (first driving device: this applies also to the following embodiment) 10. 

[0233] Further, the objective lens 1 has on its outer circumference flange portion 1 a having a plane extending in the 
direction perpendicular to an optical axis. This flange portion 1a makes it possible to mount the objective lens 1 accu- 
rately on the optical pick-up apparatus. Biaxial actuator 10 makes the objective lens 1 to be capable of moving in the 
direction of an optical axis for focusing, and of moving in the direction perpendicular to an optical axis for tracking. 
[0234] Coupling lens 2 may also be a collimator lens that makes a divergent light flux which has entered to be a light 
flux that is almost in parallel with an optical axis. In the present embodiment, lens element 2a of the coupling lens 2 is 
made to be capable of moving in the direction of an optical axis by actuator (second driving device: this applies also 
to the following embodiment) 11 , for the purpose of con-ecting deviation of spherical aberration caused on each optical 
surface of the optical pick-up apparatus by changes of oscillation wavelength of semiconductor laser 3, changes of 
temperature and humidity, and errors of a thickness of a transparent substrate of an optical information recording 
medium. 

20 (Example) 

[0235] Next, Example 15 of a converging optical system which can be applied to the present embodiment will be 
explained as follows. In the Example 1 5 and other examples, light source wavelength of semiconductor laser 3 is made 
to be 405 nm, and a numerical aperture of objective lens 1 is made to be 0.85. With regard to an aspherical surface 
25 in Example 15, it is expressed by the following expression (numeral 1) under the condition that x axis represents the 
direction of an optical axis, h represents a height in the direction perpendicular to an optical axis and r represents a 
radius of curvature of a plane, in which K represents the constant of the cone and Agj represents the constant of the 
aspheric surface. 
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(Numeral 1) 



i=2 



[0236] On the other hand, with respect to a diffractive surface, it is expressed with a generating aspheric surface 
showing a macroscopic shape where a diffraction relief is removed and with function of optical path difference Ob of 
the following expression (Numeral 2). The function of optical path difference Ob is to express an optical path difference 
added to a diffraction light of the standard wavelength by the diffractive surface, and every time a value of the function 
of optical path difference Ob is changed by m^ (m is a diffraction order), a diffraction zone is provided. In the expression, 
h represents a difference from an optical axis, and represents a coefficient of the function of optical path difference' 

(Numeral 2) 



so 



55 



[0237] Lens data of a converging optical system of Example 1 5 are shown in Table 29. Further, a schematic sectional 
view of a converging optical system of the present example is shown in Fig. 41 and a diagram of spherical aberration 
is shown in Fig. 42. In the present. example, axial chromatic aberration caused on a converging optical system is 
corrected by operations of a diffractive structure provided on each of the first and third surfaces of coupling lens 2 
having the structure of 2 elements in 2 groups. In addition, as shown in Table 30, spherical aberration caused on a 
converging optical system by wavelength deviation 61 laser light source 3, temperature changes and a thickness error 
of a transparent substrate can be corrected by changing a distance between lens elements 2a and 2b of coupling lens 2. 
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Table 29 



Example 15 
X1 405 nm 
NA 0.85 



Surface No. 




r(mm) 


d(mm) 




vd 


0 


Light source 




9.524 






1 (Aspheric surface 1) 


Coupling lens 




1.200 


1 .52491 


56.5 


2 (Diff ractive surface 1 ) 










3 (Aspheric surface 2) 




1.200 


1 .52491 


56.5 


4 (Diffractive surface 2) 


-40.155 


ci4 (variable) 






5 


Diaphragm 




0.000 






6 (Aspheric surface 3) 


Objective lens 


1.194 


2.650 


1.52491 


56.5 


7 (Aspheric surface 4) 


-0.975 


0.355 






8 


Transparent substrate 


CO 


0.100 


1.61949 


30.0 


9 


oo 


0.000 







Constant of the aspheric surface 



Aspheric surface 1 



K 


-6.0700E+02 


A4 


2.1101 E-04 


Ae 


6.3636E-04 


As 


-1.5044E-04 


Aspheric surface 2 


K 


-5.401 8E+02 


A4 


7.6477E-04 


As 


-6.5149E-05 


Aa 


4.6581 E-05 


A10 


-4.8124E-06 


Aspheric surface 3 


K 


-6.8335E-01 


A4 


1.6203E-02 


As 


1.5491E-03 


Ae 


2.8929E-03 


A10 


-3.6771 E-04 


A12 


-3.5822E-04 


Al4 


1 .4842 E-04 


A16 


1.1960E-04 


A18 


-3.0230E-05 


A20 


-1.1052E-05 


Aspheric surface 4 


K 


-2.1704E+01 


A4 


3.0802E-01 


As 


-6.3950E-01 


As 


5.8536E-01 


A10 


-2.1562E-01 


A12 


-2.5227E-04 



Constant of diffractive surface 
Diffractive surface 1 
bg -2.4126E-02 
b4 -8.7753E-04 
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Table 29 (continued) 



5 


Exannple 15 
XI 405 nm 
NA0.85 




Surface No. 




r(mm) 


cl(mm) 




vd 


10 


Diffractive surface 2 
b2 -1.1228E-02 
b4 -8.6150E-04 







Table 30 



Example 15 


Causes of deviation of spherical aberration 


Wavefront aberration after 
correction 


d2 (variable) 


d4 (variable) 


Standard state (?L=405nm, T=25C**. t=0. 100mm) 


0.004X 


4.000 


6.000 


Wavelength deviation of light 
source 


AX=+10nm 


0.005X 


2.545 


7.455 


AX=-10nm 


0.01 OX 


5,616 


4.384 


Temperature change 


AT=+30C** 


0.01 OA. 


2.279 


7.721 


AT=-30C* 


0.01 8X 


6.064 


3.906 


Error of thickness of 


At=+0.02mm 


0.008X 


1.551 


8.449 


substrate substrate 


At=0.02mm 


0.007X 


7.126 


2.874 


(Note) Amount of change in oscillation wavelength of light source in temperature change AX, = 4 


- 0.05 nrrVC** 



30 



35 



40 



45 



[0238] Incidentally, in the present specifications (including lens data in Table), an exponent of 10 (for example 2 5 
X 1 0-3) is expressed by the use of E (for example, 2.5 x E - 3) . 

[0239] Next, a converging optical system of Second Example which can be used for the optical pick-up apparatus 
in Fig. 40 will be explained. First, lens data of the converging optical system in the present example are shown in Table 
31. Further, a schematic sectional view of the converging optical system in the present example is shown in Fig. 43 
and a diagram of spherical aberration is shown in Fig. 44. In the present example, axial chromatic aberration caused 
on the converging optical system is corrected by operations of the diffractive structure provided on each of the third 
surface of coupling lens 2 of 2 elements in 2 groups and the first surface of objective lens 1 of 1 element in 1 group. 
Further, as shown in Table 32, spherical aberration caused on the converging optical system by wavelength deviation 
of iaser light source 3, temperature changes and by an error of a thickness of a transparent substrate can be corrected 
by changing the distance between lens elements 2a and 2b of coupling lens 2. When a divergent light flux enters 
objective lens 1 . a point on the surface of objective lens 1 on the light source side where a beam passes through is 
higher compared with an occasion wherein a collimated light flux passing through a diaphragm having the same di- 
ameter enters. For controlling occurrence of flare component by aspheric surface of a high order in that case, a dia- 
phragm for regulating a light flux is an-anged to be away from the top on the surface of objective lens 1 on the light 
source side toward an optical infonnation recording medium, in the present example. 



Table 31 



50 



55 



Example 16 


Surface No. 




r(mm) 


d(mm) 




vd 


0 


Light source 




do (variable) 






1 (Aspheric surface 1) 


Coupling tens 


-18.828 


0.800 


1.52491 


56.5 


2 (Diffractive surface 1) 


16.312 


d2 (variable) 






3 (Aspheric surface 2) 


69.930 


1.200 


1 .52491 


56.5 


4 (Diffractive surface 2) 


-11.046 


6.000 
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Table 31 (continued) 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Surface No. 




r(nnnn) 


d(nnm) 


^3,1 


vd 


5 


Diaphragm 




-1 .000 






6 (Aspheric surface 3) 


Objective lens- 


1.247 


2.750 


1.52491 


56,5 


7 (Aspheric surface 4) 


-0.861 


0.330 






8 


Transparent substrate 




0.100 


1.61949 


30.0 


9 




0.000 







Example 16 



Constant of the aspheric surface 
Aspheric surface 1 



K 


8.8068E+00 


A4 


1 .3574E-03 




-3.0031 E-02 


As 


-4.1461 E-04 


Aspheric surface 2 


K 


-6,6272E-i-02 


A4 


-2.0667E-03 


As 


-7.2622E-03 


As 


-7.6379E-03 


Aspheric surface 3 


K 


-3.921 7E+00 


A4 


3.7182E-04 


As 


8.0750E-04 


As 


1.1 443 E-04 


A10 


5.3543E-05 


Aspheric surface 4 


K 


-7.0271 E-01 


A4 


2.0793E-02 


Ae 


-2.5985E-03 


Aa 


4.991 9E-03 


A10 


-2.2786E-04 


A12 


-9. 5332 E-04 


Al4 


4.6404E-05 


A16 


1.7553E-04 


A18 


2.1430E-05 


A20 


-2.9990E-05 


Aspheric surface 5 


K 


-2.7384E+01 


A4 


1 .3778E-01 


Ae 


-3.2821 E-01 


As 


2.6291 E-01 


A10 


-7.8115E-02 


A12 


-2.5227E-04 



Constant of diffractive surface 
Diffractive surface 1 



b2 


-1 .6978E-02 


b4 


7.8786E-04 


bs 


-9.5788E-04 


bs 


-6.4481 E-05 


bio 


3.1466E-05 



83 



BNSDOCtD: <EP 1154417A2J_> 



EP 1 154 417 A2 



fable 31 (continued) 



Example 16 


Surface No. 




r(nnm) 


cl(mnn) 




vd 


Diffractive surface 2 










b2 -4.9893E-03 










b4 -3.7597E-04 











10 

Table 32 



Exannple 16 


Causes of deviation of spherical aberration 


Wavefront aberration after 
correction 


d2 (variable) 


d4 (variable) 


Standard state (?i=405nm, T=25C*, t=0.1 OOnnnn) 


0.006X 


9.300 


4.700 


Wavelength deviation of light 
source 


AX=+10nnri 


0.007X. 


9.385 


4.615 


AX-=-10nm 


0.008>, 


9.187 


4.813 


Tennperature change 


AT=+30C* 


0.01 8X 


9.508 


4.492 


AT=-30C** 


0.026X 


9.079 


4.921 


Error of thickness of 
transparent substrate 


At=+0,02mnn 


0.01 6X 


9.818 


4.182 


At=-0.02mnn 


0.01 9X 


8.673 


5.327 


(Note) Annount of change in oscillation wavelength of light source in tennperature change AX = + 0.05 nnn/C** 



[0240] Next, an optical pick-up apparatus relating to Ennbodinnent 1 6 will be explained. An optical pick-up apparatus 
shown in Fig. 45 is provided with objective lens 1 of 2 elements in 2 groups wherein plastic lenses la and lb are held 
solidly by holding member 1c, semiconductor laser 3 representing a light source, coupling lens 2 (composed of lens 
elements 2a and 2b) that changes a divergence angle of a divergent light emitted from the light source, and detector 
4 which receives reflected light from infonmation recording plane 5 of the optical information recording medium. The 
objective lens 1 converges a light flux coming from the coupling lens 2 on information recording plane 5 of the optical 
infomnation recording medium. 

[0241] The optical pick-up apparatus shown in Fig. 405 is provided with beam splitter 6 that separates reflected light 
coming from infomnation recording plane 5 toward detector 4, 1/4 wavelength plate 7 arranged between coupling lens 
2 and objective lens 1 , diaphragm 8 arranged to be ahead of objective lens 1 , cylindrical lens 9 and biaxial actuator 
1 0 for focus tracking. 

[0242] Further, the objective lens 1 has, on the outer circumference of its holding member 1c, flange portion Id 
having a plane extending in the direction perpendicular to an optical axis. This flange portion Id makes it possible to 
mount the objective lens 1 accurately on the optical pick-up apparatus. 

[0243] The coupling lens 2 may also be a collimator lens that makes an entering divergent light flux to be a light flux 
that is mostly in parallel with an optical axis. In this case, lens element 2a of the coupling lens 2 is made to be capable 
of moving in the direction of an optical axis, for the purpose of controlling deviation of spherical aberration caused on 
each optical surface of the optical pick-up apparatus by changes of oscillation wavelength of semiconductor laser 3, 
changes of temperature and humidity, and errors of a thickness of a transparent substrate of an optical information 
recording medium. 

[0244] Next, Example 1 7 of a converging optical system which can be used for the present embodiment will be 
explained. First, lens data of the converging optical system in the present example are shown in Table 33. Further, a 
schematic sectional view of the converging optical system in the present example is shown in Fig. 8. In the present 
example, axial chromatic aberration caused on the converging optical system is corrected by operations of the diffractive 
structure provided on each of the first and third surfaces of coupling lens 2 of a 2 elements in 2 groups. Further, as 
shown in Table 34, spherical aberration caused on the converging optical system by wavelength deviation of laser light 
source 3, temperature changes and by an error of a thickness of the transparent substrate can be corrected by changing 
the distance between lens elements 2a and 2b of coupling lens 2. 
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Table 33 



Example 17 



Surface No. 




r(mm) 


d(mm) 




vd 


0 


Light source 




9.557 






1 (Aspheric surface 1) 


Coupling lens 


CO 


1.000 


1.52491 


56.5 


2 (Diffractive surface 1) 




-17.290 


d2 (variable) 






3 (Aspheric surface 2) 




oo 


1.000 


1.52491 


56.5 


4 (Diffractive surface 2) 




-23.158 


d4 (variable) 






5 


Diaphragm 




0.000 






6 (Aspheric surface 3) 


Objective lens 


1.870 


1.700 


1 .52491 


56.5 


7 (Aspheric surface 4) 




21.104 


0.600 






8 (Aspheric surface 5) 




0.916 


1.100 






9 




oo 


0.150 






10 


Transparent substrate 


oo 


0.100 


1.61949 


30.0 


11 




oo 


0.000 







Constant of the aspheric surface 



Aspheric surface 1 



K 


-2.1849E+01 


A4 


5.6259E-04 


Ae 


6.5164E-04 


As 


-9.6155E-05 


Aspheric surface 2 


K 


-2.6544E-I-01 


A4 


6.8751 E-04 


Ae 


2.4489E-04 


As 


2.9894E-05 


Aspheric surface 3 


K 


-1.1034E-01 


A4 


-6.0609E-03 


Ae 


-1 .2828E-03 


As 


-5.4230E-04 


A10 


-1.0053E-04 


A12 


-3.1022E-06 


Al4 


1.3974E-08 


A16 


-8.2488E-06 


Aspheric surface 4 


K 


1 .0547E+02 


A4 


7.2959E-03 


As 


-1 .8973E-03 


Ae 


4.8022E-04 


A10 


-2.1096E-03 


A12 


6.0792E-04 



Aspheric surface 5 
K -1.9362E-01 
A4 1 .8873E-02 
Aq -1.7301E-02 
Aq 1.1456E-01 
A10 -1.4290E-01 
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10 



15 



Example 17 


Surface No. 




r{nnm) 


d(mm) 




vd 


Constant of diffractive surface 
Diffractive surface 1 
-9.5885E-03 
b4 -8.0888E-04 
bg -1.1868E-04 










Diffractive surface 2 
b2 -9.5292E-03 
b^ -4.2952 E-04 
bg -2. 2554 E-04 













20 



25 



30 



35 



40 



Table 34 



Example 17 


Causes of deviation of spherical aberration 


Wavefront aberration after 
correction 


d2 (variable) 


d4 (variable) 


Standard state (X^405nnn, T=25C*, t=0.1 00mm) 


O.OOU 


4.000 


5.000 


Wavelength deviation of light 
source 


AX=+10nm 


0.004>. 


4.130 


4.870 


AX=-10nm 


0.005X 


3.886 


5.114 


Temperature change 


AT=+30C* 


0.006X 


4.785 


4.215 


AT^-SOC* 


0.008X 


3.249 


5.751 


Error of thickness of 
transparent substrate 


At=+0.02mm 


0.007^ 


1.928 


7.072 


At=-0.02mm 


0.009X, 


6.424 


2.576 


(Note) Amount of change in oscillation wavelength of light source in temperature 


change AX = + ( 


3.05 nm/C** 



[0245] Next, the converging optical system of Example 1 8 which can be used for the optical pick-up apparatus shown 
m Fig. 45 will be explained. First, lens data of the converging optical system in the present example are shown in Table 
35. Further, a schematic sectional view of the converging optical system in the present example is shown in Fig 48 
and a diagram of spherical aberration is shown In Fig. 49. In the present example, axial chromatic aberration caused 
on the converging optical system Is corrected by operations of the diffractive structure provided on each of the third 
surface of coupling lens 2 of a 2 elements in 2 groups and the first surface of the objective lens of 1 element in 1 group 
Further, as shown in Table 36, spherical aben-ation caused on the converging optical system by wavelength deviation 
of laser light source 3, temperature changes and by an error of a thickness of the transparent substrate can be corrected 
by changing the distance between lens elements 2a and 2b of the coupling lens. 



45 



SO 



55 



Table 35 



Example 1 8 


Surface No. 




r(mm) 


d(mm) 




vd 


0 


Light source 




do (variable) 






1 (Aspheric surface 1 ) 


Coupling lens 


-125.213 


0.800 


1 .52491 


56.5 


2 (Aspheric surface 2) 


10.615 


d2 (variable) 






3 (Diffractive surface 1 ) 




1.000 


1.52491 


56.5 


4 (Aspheric surface 3) 


-8.470 


5.000 






5 


Diaphragm 




0.000 
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Table 35 (continued) 



Surface No. 




r(nnm) 


d(nnm) 




vd 


6 (Aspheric surface 4, Diffractive surface 
2) 


Objective lens 


1.944 


1.700 


1 .52491 


56.5 


7 (Aspheric surface 5) 


32.238 


0.600 






8 (Aspheric surface 6) 


0.959 


1 .100 






9 


oo 


0.150 






10 


Transparent substrate 


oo 


0.100 


1.61949 


30.0 


11 


CO 


0.000 







Example 1 8 



Constant of the aspheric surface 
Aspheric surface 1 



K 


1 .8394E+03 


A* 


-4.6322E-03 


As 


-2.1863E-03 


As 


-3.0571 E-02 


Aspheric surface 2 


K 


-4.2244E+01 


A4 


-2.1729E-04 


As 


-7.3557E-03 


As 


-1.4106E-02 


Aspheric surface 3 


K 


3.7370E-01 


A4 


-7.5808E-04 


As 


6.251 6E-05 


As 


-1.3333E-05 


A10 


5.5520E-06 


Aspheric surface 4 


K 


-1.0167E-01 


A4 


-6.3824E-03 


As 


-1.0712E-03 


As 


-3.8459E-04 


A10 


-8.7158E-05 


A12 


2.971 8E-06 


Al4 


8.3886E-06 


A16 


-4.1865E-06 


Aspheric surface 5 


K 


-3.4728E+02 


A4 


3.1109E-03 


As 


8.4223E-04 


Aa 


2.7940E-03 


Aio 


-2.6177E-03 


A12 


1.0154E-03 


Aspheric surface 6 


K 


-2.9075E-01 


A4 


2.0673E-02 


As 


-2.2747E-02 


As 


1.1245E-01 


A10 


-9.7095E-02 
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Table 35 (continued) 



Example 18 


Surface No. 




r(mnn) 


d(rnm) 




vd 


Constant of diffract) ve surface 
Diffractive surface 1 
b2 -1.3723E-02 
b4 6.4381 E-04 












Diffractive surface 2 
bg -6.341 1E-03 
b4 -9.0875E-05 













10 



15 



20 



Table 36 



25 



30 



35 



40 



45 



Example 1 8 


Causes of deviation of spherical aberration 


Wavefront aberration after 
correction 


d2 (variable) 


d4 (variable) 


Standard state (>^405nm, T=25C**, t=0.1 00mm) 


0.001X 


8.000 


5.000 


Wavelength deviation of light 
source 


AX^+10nm 


0.002X 


8.128 


4.872 


AX=-1 Onm 


O.OOU 


7.873 


5.127 


Temperature change 


AT=+30C** 


0.004A, 


7.837 


5.163 


AT=-30C'' 


0.006X 


8.162 


4.838 


Error of thickness of 
transparent substrate 


At=+0.02mm 


0.003A, 


8.579 


4.421 


At=-0.02mm 


0.006X, 


7.357 


5.643 


(Note) Amount of change in oscillation wavelength of light source in temperature change AX = + 


D.05 nm/C*" 



[0246] Next, the converging optical system of Example 19 which can be used for the optical pick-up apparatus in 
Fig. 40 will be explained. First, lens data of the converging optical system in the present example are shown in Table 
37. Further, a schematic sectional view of the converging optical system in the present example Is shown in Fig 50 
and a diagram of spherical aberration is shown in Fig. 51 . In the present example, axial chromatic aberration caused 
on the converging optical system is corrected by operations of the diffractive structure provided on each of the third 
surface of coupling lens 2 of 2 elements in 2 groups and the first surface of objective lens 1 of 1 element in 1 group. 
Further, as shown in Table 38. recording and/or reproduction of infomnation for an optical information recording medium 
for the so-called 3-layer recording system wherein a transparent substrate and three information recording layers are 
laminated on one side is made possible, by changing the distance between lens elements 2a and 2b of coupling lens 
2. Further, in the same way as in Examples 1 - 4. spherical aberration that is caused on a converging optical system 
by wavelength deviation of light source 3, temperature changes and a thickness error of a transparent substrate in the 
course of recording and/or reproduction of information for each information recording medium can be corrected. 



Table 37 



Example 19 


Surface No. 




r(mm) 


d(mm) 




vd 


0 


Light source 




dO (variable) 






1 (Aspheric surface 1) 


Coupling lens 


-15.158 


0.800 


1.52491 


56.5 


2 (Aspheric surface 2) 


15.692 


d2 (variable) 






3 (Diffractive surface 1 ) 


-32.332 


1.200 


1 .52491 


56.5 


4 (Aspheric surface 3) 


-7.369 


6.150 






5 


Diaphragm 




-1.150 







50 



55 
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Table 37 (continued) 



Surface No. 




r(mm) 


d(mm) 




vd 


6 (Aspheric surface 4, Diffractive surface 
2) 


Objective lens 


1.247 


2.750 


1.52491 


56.5 


7 (Aspheric surface 5) 


-0.861 


d7 (variable) 






8 


Transparent substrate 


CO 


dS (variable) 


1.61949 


30.0 


9 


oo 


0.000 







Example 19 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Constant of the aspheric surface 
Aspheric surface 1 



K 


2.2997E-I-02 


A4 


-1.2113E-03 


Ae 


-2.3094E-02 


As 


5.7097E-04 


Aspheric surface 2 


K 


-7.1651E+02 


A4 


-5.0140E-04 


Ae 


-1.5428E-02 


As 


-5.7871 E-03 


Aspheric surface 3 


K 


-5.7990E-01 


A4 


5.3861 E-05 


Ae 


8.2843E-04 


As 


1 .2847E-04 


A10 


2.2449E-05 


Aspheric surface 4 


K 


7.0271 E-01 


A4 


2.0793E-02 


As 


-2.5985E-03 


As 


4.991 9E-03 


A10 


-2.2786E-04 


A12 


-9.5332E-04 


Al4 


4.6404E-05 


A16 


1 .7553E-04 


A18 


2.1430E-05 


A20 


-2.9990E-05 


Aspheric surface 5 


K 


-2.7384E+01 


A4 


1 .3778E-01 


As 


-3.2821 E-01 


As 


2.6291 E-01 


A10 


-7.8115E-02 


A12 


-2.5227E-04 



Constant of diffractive surface 

Diffractive surface 1 

b2 -1-6939E-02 

b4 6.4086E-04 

be -9.2105E-04 

bg -4.4088E-05 

b^o 4.2021 E-06 
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Table 37 (continued) 



Example 1 9 


Surface No. 




r(mm) 


d(mm) 




vd 


Diffractive surface 2 










-4.9893E-03 










b4 -3.7597E-04 











10 



Table 38 



Example 19 




First information recording 
layer 


Second information 
recording layer 


Third information recording 
layer 


do (variable) 


9.300 


10.398 


11.228 


d2 (variable) 


4.700 


3.602 


2.772 


d7 (variable) 


0.330 


0.317 


0.301 


d8 (variable) 


0.100 


0.150 


0.200 


Wave front aberration 


0.007X 


0.01 OX 


0. 008^1 



[0247] Though the optical information recording medium is made to be that of a 3-layer recording system wherein a • 
25 thickness of a transparent substrate interposed between infomnation recording layers is 0.05 mm in the present exam- 
ple, the converging optical system in the present example can also work for recording and/or reproduction of information 
for the optical information recording medium of a multi-layer recording system other than the foregoing. 
[0248] Next, the converging optical system of Example 20 which can be used for the optical pick-up apparatus in 
Fig. 40 will be explained. First, lens data of the converging optical system in the present example are shown in Tables 
30 39 and 40. Further, a schematic sectional view of the converging optical system in the present example is shown in 
Fig. 42 and a diagram of spherical aberration is shown in Fig. 43. In the present example, axial chromatic aberration 
caused on the converging optical system is corrected by operations of the diffractive structure provided on each of the 
third and fourth surfaces of coupling lens 2 of 2 elements in 2 groups. Further, as shown in Table 41 , spherical aberration 
that is caused on a converging optical system by wavelength deviation of light source 3, temperature changes and by 
35 a thickness error of a transparent substrate can be corrected by changing the distance between lens elements 2a and 
2b of coupling lens 2. 



Table 39 



Example 20 


Surface No. 




r(mm) 


d(mm) 


NX 


vd 


0 


Light source 




dO(varlable) 






1 


Coupling lens 


oo 


1.000 


1.52491 


56.5 


2 


-6.056 


d2(variable) 






3 


oo 


1.000 


1.52491 


56.5 


4 


-19.860 


5.000 






5 


Diaphragm 


oo 


0.000 






6 


Objective lens 


1.194 


2.650 


1.52491 


56.5 


7 


-0.975 


0.355 






8 


Transparent substrate 


oo 


0.100 


1.61949 


30.0 


9 


oo 
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Table 40 



10 



15 



20 



25 



30 



35 



40 



Constant of the aspheric surface 






7 8224E-01 




A 

A4 


- D . OOil^i t -U *+ 




As 


7.6018E-05 






1.4178E-04 


1 UUILII oUlldOC 








A4 


1.1179E-03 






5.9633E-04 




As 


1.517BE-04 




A10 


5.6734E-05 


Sixth surface 


k 


-6.8335E-01 




A4 


1 .6203E-02 




As 


1 .5491 E-03 




As 


2.8929E-03 






-3.6771 E-04 




^12 


-3.5822E-04 




Ai4 


1 .4842E-04 




A16 


1.1960E-04 










Ago 


-1.1052E-05 


Seventh surface 


k 


-2.1704E+01 




A4 


3.0802E-01 




Ae 


-6.3950E-01 




As 


5.8536E-01 




A10 


-2.1562E-01 




A12 


-2.5227E-04 


Constant of diffractive surface 


Third surface 


bs 


-1.2117E-02 




b4 


-5.5463 E-04 




bs 


-1 .6754E-04 




be 


-8.4468E-05 




bio 


-3.4341 E-06 


Fourth surface 


b2 


-1.1967E-02 




b4 


-3.3959E-04 




be 


-6,3935E-05 




be 


-6.8699 E-05 




bio 


-1 .6431 E-05 



50 



Table 41 



Example 20 


Causes of deviation of spherical aberration 


Wavefront aberration 


=dO (variable) 


d2 (variable) 


Standard state (X=405nm, T=25C**, t=0.1mm) 


0.004 


5.000 


2.000 


Wavelength deviation of light source 


AX=+10nnn 


0.004 


4.956 


2.044 


AX=-10nm 


0.006 . 


5.049 


1 .951 



55 



91 



BNSDOCID: <EP 11S4417A2J_> 



EP 1 154 417 A2 



Table 41 (continued) 



Example 20 


Causes of deviation of spherical aberration 


Wavefront aberration 


=:dO (variable) 


d2 (variable) 


Temperature change 


AT=+30C° 


0.011 


4.906 


2,094 


AT=-30C' 


0.014 


5.093 


1.907 


Error of thickness of transparent 
substrate 


At=+0.02mm 


0.004 


4.794 


2.206 


At=-0.02mm 


0.005 


5.205 


1.795 


(Note) Amount of change in oscillation wavelength of light source in temperature change AX = + 0.05 nm/C° 



[0249] Since the converging optical system in Examples 15-20 above is made of a material of plastic whose saturated 
water absorption rate is 0.01% or less and intemai transmitance at thickness of 3 mm in wavelength area to be used 
is 90% or more, its image quality is affected less by water absorption, its efficiency of utilization of light is high, and it 
can be manufactured at low cost on a mass production basis. Further, by using plastic whose specific gravity is 2.0 or 
less, it is possible to make an overall converging optical system light, and thereby to lighten a load on a driving mech- 
anism (actuator 10 or the like) for objective lens 1 and on a driving mechanism (actuator 11) for coupling lens 2, thus, 
high speed driving and downsizing of the driving mechanism are made possible. 

[0250] Fig. 54 is a schematic structure diagram of an optical pick-up apparatus related to Embodiment 1 7. The optical 
pick-up apparatus in Fig. 54 is only different from the optical pick-up apparatus in Fig. 40 on the point that actuator 11 
moves lens element 2b instead of lens element 2a of coupling lens 2 in the direction of an optica! axis, therefore, 
explanation for points other than the foregoing will be omitted here. 
^5 [0251] Fig. 55 is a schematic structure diagram of an optical pick-up apparatus related to Embodiment 1 8. The optical 
pick-up apparatus in Fig. 55 is only different from the optical pick-up apparatus in Fig. 45 on the point that actuator 11 
moves tens element 2b instead of lens element 2a of coupling lens 2 in the direction of an optical axis, therefore, 
explanation for points other than the foregoing will be omitted here. Incidentally, any one of converging optical systems 
in Examples 1 5 - 20 can be applied to the optical pick-up apparatuses in Figs, 54 and 55. Further, the distance between 
lens elements 2a and 2b of coupling lens 2 may also be changed by moving both of them as a variation of the optical 
pick-up apparatuses in Figs. 54 and 55. 
[0252] Another example will further be explained as follows. 

[0253] Fig, 62 Is a diagram showing an optical pick-up apparatus equipped with uniaxial actuator 11 for moving 
coupling lens 2 in the direction of an optical axis. It is possible to cancel deviation of spherical aberration caused on 
^5 an optical system by changing the slope angle of the marginal ray of a light flux entering objective lens 1 by moving 
the coupling lens in the direction of an optical axis by an appropriate amount by the uniaxial actuator 11 representing 
a moving device. Further, when spherical aberration is caused on an optical system, when oscillation wavelength of 
semiconductor laser 3 representing a light source is varied, or when temperature or humidity is changed, or by an error 
of a protector layer thickness in an optical information recording medium, it is possible to cancel deviation of the spher- 
ical aberration caused on the optical system by moving coupling lens 2 in the direction of an optical axis by an appro- 
priate amount by the uniaxial actuator 11 and thereby by changing the slope angle of the marginal ray of a light flux 
entering objective lens 1 . Examples wherein a pick-up in Fig. 62 is used are shown below as Examples 21 - 25. 

(Example 21) 

45 

[0254] Lens data and the constant of the aspheric surface are shown in Table 42. Fig. 56 shows sectional views of 
a coupling lens of 1 element in 1 group and an objective lens in Example 21 , and Fig. 57 shows a diagram of spherical 
aberration. 



Table 42 



Example 21 


Surface No, 




r(mm) 


d(mm) 


NX 


vd 


Light source 






dO (variable) 






1 


Coupling lens 


-62.022 


1.200 


1 .52491 


56.5 


2 (Aspheric surface 1 , Diffractive 
surface 1) 


-4.608 


d2 (variable) 
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Table 42 (continued) 



Surface No. 




r(mm) 


d(nnm) 


NA 


VCi 


Diaphragm 




oo 


0 






3 (Aspheric surface 2) 


Objective lens 


1.194 


2.650 


1 .52491 


56.5 


4 (Aspheric surface 3) 


-0.975 


0.355 






5 


Transparent substrate 


oo 


0.100 


1.61950 


30.0 


6 


oo 









Example 21 



10 



15 



20 



25 



30 



35 



40 



Aspheric 


surface 1 


i\— 




A 

A4= 


O /IOC riQ 


A 


-O .D / *fO t-UO 


A _ 
A8= 




A _ 
^10- 




Aspheric 


surface 2 


K= 


0.683354 


A4= 


0.162029E-01 


A6= 


0. 1 54908 E -02 


A8= 


0.2B9288E-02 


Aio= 


-0.367711 E-03 


Ai2= 


-0 .358222 E-03 


Al4= 


0.1 4841 9E-03 


Al6= 


0.119603E-03 


Al8= 


-0 .302302 E-04 


A2o= 


-0.11 0520 E-04 


Aspheric 


surface 3 


K= 


■21 .70441 8 


A4= 


0.308021 E+00 


A6= 


-0.639499E+00 


A8= 


0.585364E-I-00 


Aio= 


-0.21 5623 E+00 


Al2= 


-0.252265 E-03 


Diffractive surface 1 



b4 



-2.0000E-02 
-1.3821 E-03 



50 



55 



[0255] In the present Example 21 , it is intended to make an optical system to be light, and to lighten a burden for a 
focusing mechanism or a coupling lens moving device, by using a plastic material for an objective lens and a coupling 
lens. These lenses can be manufactured at low cost on a mass production basis. Further, an optical system corrected 
axial chromatic aberration satisfactorily by a simple structure is realized, by making a coupling lens to be represented 
by a diffractive lens in a fomn of a single lens. Table 43 shows results of correction made by moving a coupling lens 
for spherical aberrations generated by various causes. As is apparent from this Table 43, spherical aberration generated 
by wavelength deviation of a laser, temperature changes and by a thickness error of a transparent substrate can be 
corrected satisfactorily in the optical system of the present example. 

Table 43 



Causes of deviation of spherical aberration 


WFE-rms after correction 


dO(mm) 


d2(mm) 


Standard state (AjC-405nm, Tc=25**C, tc=0.1mm) 


0.007X 


6.000 


5.000 


Wavelength deviation of LD 


AX=+10nm 


0.008X 


5.941 


5.059 


AX;=-10nm 


0.022X, 


6.054 


4.946 
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Table 43 (continued) 



Causes of deviation of spherical aberration 


WFE-mns after correction 


dO(nnnn) 


d2(nnm) 


Temperature changes 


AT=-i-30C^ 


0.011a, 


5.927 


5.073 




0.03U 


6.071 


4.929 


Transparent substrate thickness error 


At=+0.02nnm 


0-004>. 


5.853 


5.147 


At=-0.02nnm 


0.015X 


6.152 


4.848 



10 

(Example 22) 

[0256] Lens data and the constant of the aspheric surface are shown in Table 44. Schematic sectional views of the 
coupiing lens of a 1 -element structure of Example 22 and an objective lens are shown in Fig. 58 and a diagram of 
^5 spherical aberration is shown in Fig. 59. 
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Table 44 



Example 22 



Surface No. 



Light source 



1 (Aspheric surface 1 , Diffractive 
surface 1) 



2 (Aspheric surface 2, Diffractive 
surface 2) 



Diaphragm 



3(Aspheric surface 3) 



4 (Aspheric surface 4) 



Coupling tens 



Objective lens 



r(mm) 



-226.959 



-6.733 



1.194 



0.975 



d(mm) 



NX 



vd 



do (variable) ' 



1.200 



1 .52491 



56.5 



d2 (variable) 



2.650 



1.52491 



66.5 



0.355 



55 



6 



Aspheric surface 1 



0.0 



A4= 


1 . 0245 E -02 


A6= 


9.6650E-04 




-5.9104E-04 




8.9735E-05 


Aspheric surface 2 




-4.3181 


A4= 


1 .S848E-03 


A6= 


8.6137E-04 


A8= 


-2.011 7E-04 


Aio= 


1.3168E-05 


Aspheric surface 3 


K= 


-0.683354 




0.152029E-01 


A6= 


0.154908E-02 


A8= 


0.289288E-02 


Aio= 


-0.36771 1E-03 


Ai2= 


-0.358222E-03 


Al4= 


0.148419E-03 


Ai6= 


0.119603E-03 


Al8= 


-0.302302E-04 


A2o= 


-0.110520E-04 



Transparent substrate 



0.100 



1 .61 950 



30.0 
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Table 44 (continued) 





Example 22 




Surface No. 




r(mm) 


d(mnn) 


NX 


vd 


5 


Light source 






do (variable) 






10 


Aspheric surface 4 
K- -21.704418 

0.308021 E+00 
A6= -0.639499E+00 
A8= 0.585364E-t-00 
Aio= -0.21 5623 E+OO 
Ai2= -0 .252265 E-00 












15 


Constant of diffractive surface Diffractive surface 1 
b2= -2.2967E-02 
b4= 2.1037E-03 










20 


Diffractive surface 2 
b2= -1.7113E-02 
b4= 8.281 5E-04 













[0257] In the present Exannple 22, an optical systenn is lightened, and a burden for the focusing mechanism or for 
the coupling lens moving device is lightened, by using plastic materials for an objective lens and a coupling lens. It is 
further possible to manufacture them at low cost on a mass production basis by using plastic materials. When recording 
information on an optical information recording medium, deterioration in wavefront aberration caused by mode hopping 
is an unallowable problem. In the present optical system, a spherical aberration cun/eforthe standard wavelength and 
spherical aberration curves for the short and long wavelengths are made to cross each other, by using bi-diffractive 
surface lens representing a single lens which is overcorrected in terms of axial chromatic aberration. As a result, the 
shift of the position of the best image plane caused by a wavelength shift is controlled to be small, resulting in prevention 
of deterioration of wavefront aberration in the case of mode hopping. Table 45 shows the results of correction made 
by moving a coupling lens, for the spherical aberration caused by various causes. As is apparent from Table 45, the 
optical system of the present example makes it possible to correct satisfactorily spherical aberration caused by deviation 
of laser wavelength, temperature changes and an error of transparent substrate thickness. 

35 Table 45 



40 



Causes of deviation of spherical aberration 


WFE-rms after correction 


dO (mm) 


d2 (mm) 


Standard state (>^-405nm, Tc=25*C, tc=0.1mm) 


0.008X 


6.000 


5.000 


Wavelength deviation of LD 


AX,=+10nm 


0.009X 


5.869 


5.131 


AX=-10nm 


0.01 OX 


6.141 


4.859 


Temperature changes 


AT^+SOC** 


0.006X 


5.905 


5.095 


AT=-30C** 


0.025X 


6.101 


4.899 


Transparent substrate thickness error 


At=+0.02mm 


0.003X 


5.867 


5.133 


At=-0.02mm 


0.01 4X 


6.139 


4.861 



(Example 23) 

50 

[0258] Table 46 shows lens data and the constant of the aspheric surface. Fig. 60 shows sectional views for the 
coupling lens of 2 elements in 1 group in Example 23 and the objective lens, and Fig. 61 shows a diagram of spherical 
aberration. 

55 
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Table 46 



Example 23 



Surface No. 



Light source 



3 (Aspheric surface 1) 



Diaphragm 



3 (Aspheric surface 2) 



4 (Aspheric surface 3) 



50 



Coupling lens 



Objective lens 



Transparent substrate 



r(mm) 



13.531 



2.551 



-5.765 



1.194 



-0.975 



d(mm) 



do (variable) 



1.000 



2.100 



d3 (variable) 



2.650 



0.355 



0.100 



NX 



1.91409 



1.71548 



1.52491 



1.61950 



Aspheric surface 1 



vd 



23.8 



53.2 



56.5 



30.0 





0.699858 




-0.53797E-3 


Ae= 


-0 .352488 E -3 




0.595790E-4 


Aio= 


-0.1 5211 5E-4 


Aspheric surface 2 


K= 


-0.683354 


A4= 


0.152029E-01 


Ae= 


0.154908E-02 


A8= 


0.289288E-02 


Aio= 


-0.367711 E-03 


Al2= 


-0.358222E-03 


Au= 


0.1 4841 9E-03 


Ai6= 


0.119603E-03 


Al8= 


-0.302302E-04 


A2o= 


-0.110520E-04 


Aspheric surface 3 


K= 


-21-704418 


A4= 


0-308021 E+00 


A6= 


-0. 639499 E+00 


A8= 


0.585364E+00 


Aio= 


-0.215623E+00 


Al2= 


-0.252265E-03 



[0259] In the Example 23, an optical system is lightened and a burden for the focusing mechanism is lightened by 
using plastic materials for an objective lens. Further, a doublet lens of 2 elements in 1 group is used to correct satis- 
factorily axial chromatic aberration of the optical system. Further, by making the surface on the optical information 
recording medium side to be an aspheric surface, a numerical aperture of a coupling lens can be made large by an 
effect of correction for an aspheric surface, and thereby a compact optical system whose total length is short is realized. 
Table 47 shows the results of correction made by moving a coupling lens, for the spherical aberration caused by various 
causes. As is apparent from Table 47, the optical system of the present example makes it possible to correct satisfac- 
torily spherical aberration caused by deviation of laser wavelength, temperature changes and an error of transparent 
substrate thickness. 
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Table 47 



Causes of deviation of sphericaj aberration- 


WFE-mns after correction 


dO(mm) 


d2(mm) 


Standard state (Ac-405nnn, Tc=25**C, tc=0.1mnn) 


0.008X, 


7.230 


5.000 


Wavelength deviation of LD 


A^=+10nm 


0.008X 


7.134 


5.096 


AX^-10nm 


0.019X, 


7.330 


4.900 


Temperature changes 


AT=+30C*' 


0.015X 


7.050 


5.180 


AT=-30C** 


0.027X 


7.415 


4.815 


Transparent substrate thickness error 


At=+0.02mnn 


0.006^ 


6.987 


5.243 


At= -0.02mm 


0.015X 


7.486 


4.744 



15 (Example 24) 

[0260] This is an example wherein a diffractive surface is provided only on one side of a coupling lens which is a 
single lens. 

20 Table 48 



Surface No. 




r(mm) 


d(mm) 


NA. 


vd 


Light source 






do (variable) 






1 (Diffractive surface 1) 


Coupling lens 




1.200 


1.52491 


56.5 


2 (Aspheric surface 1) 


-16.084 


d2 (variable) 






Diaphragm 




oo 


0 






3 (Aspheric surface 2) 


Objective lens 


1.194 


2.650 


1 .52491 


56.5 


4 (Aspheric surface 3) 


-0.975 


0.355 






5 


Transparent substrate 


CO 


0.100 


1.61950 


30.0 


6 


oo 









Aspheric surface 1 



K= 


17.997115 


A4= 


0.759036E-03 




0.311 883E-03 


As- 


-0.123894E-03 


Aio= 


0.196179E-04 


Aspheric surface 2 


K= 


-0.683354 


A4= 


0.162029E-01 


A6= 


0.154908E-02 


A8= 


0.289288E-02 


Aio= 


-0.36771 1E-03 


Al2= 


-0.358222 E-03 


Al4= 


0.1 4841 9E-03 


Ai6= 


0.119603E-03 


Ai8= 


-0.302302 E-04 


A20= 


-0.110520E-04 
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Table 48 (continued) 



Surface No. 




r(mm) 


d(nnm) 


NX 


vd 


Aspheric surface 3 
K= -21.704418 
A4= 0.308021 E+00 
A6= -0.639499E-I-00 
0.585364E+00 
A-,o= -0.215623E+00 
A^2= -0.252265E-03 










Diffractive surface 1 

-2.6023E-02 
b4= -2.1722E-04 













15 

[0261] In the Example 24, plastic materials are used for an objective lens and a coupling lens. Thus, the shift of the 
position of the best image plane caused by a wavelength shift is controlled to be small, and deterioration of wavef ront 
aberration in the case of mode hopping is prevented. Further deterioration of wavefront aberration in the case of 
surface-decentering of a coupling lens is prevented by providing an aspherical surface only on one side of the coupling 

20 lens. In addition, deterioration of wavef ront aberration in the case of tracking error and of the decentering of the coupling 
lens are prevented, by providing a diffractive surface on the surface of the coupling lens on the light source side and 
by providing on the surface thereof on the objective lens side an aspheric surface whose refractive power is reduced 
as a position f orthe refracting power becomes more distantf rom an optical axis. Table 49 shows the results of correction 
nnade by moving a coupling tens, for the spherical aberration caused by various causes. As is apparent from Table 49, 

25 spherical aberration caused by deviation of laser wavelength, temperature changes and an en-or of transparent sub- 
strate thickness can be corrected satisfactorily and axial chromatic aberration can also be corrected satisfactorily 



Table 49 



40 



Causes of deviation of spherical aberration 


WFE-rms after correction 


dO(mm) 


d2(mm) 


Standard state (Ac-405nm, Tc=25**C, tc=0.1mm) 


0.005X. 


11.670 


5.000 


Wavelength deviation of LD 


AX^+IOnm 


0.008X. 


11.404 


5.266 


AX^-IOnm 


0.009X 


11.960 


4.710 


Temperature changes 


AT=+30C*» 


0.01 4X 


11.373 


5.297 


AT=-30C<* 


0.01 8X, 


11.995 


4.676 


Transparent substrate thickness error 


At=+0.02mm 


0.009>. 


1 1 .246 


5.424 


At=-0.02mm 


0.008X 


12.136 


4.534 



[0262] According to the present invention, in an optical pickup apparatus for conducting reproducing and/or recording 
Information of the high density optical information recording medium, deviation of spherical aberration can be corrected 
efficiently. 

[0263] The invention makes it possible to provide a converging optical system and an optical pick-up apparatus 
wherein deviation of spherical aberration caused on each optical surface of the optical pick-up apparatus by oscillation 
wavelength changes of a laser light source, changes in temperature and humidity and an error of a transparent substrate 
thickness of an optical information recording medium can be corrected effectively by a simple structure. 
[0264] The invention further makes it possible to provide a converging optical system and an optica! pick-up apparatus 
wherein axial chromatic aberration caused on an objective lens by mode hopping of a laser light source can be effec- 
tively corrected. 

[0265] In addition, the invention makes it possible to provide a converging optical system and an optical pick-up 
apparatus wherein a short wavelength laser light source and an objective lens having a high numerical aperture are 
provided, and recording and/or reproduction of infomnation for a plurality of information recording media each having 
a transparent substrate with a different thickness can be conducted. 

[0266] With regard to an objective lens for the optical pick-up apparatus, the invention makes it possible to provide 
an aspherical objective lens that is a single lens having a large numerical aperture and excellent image height char- 
acteristics. In particular there can be provided an objective lens having a numerical aperture that is as large as 0.75 
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15 



45 



50 



or more and being suitable to be used for a high density recording/reproducing apparatus employing a laser wherein 
a wavelength of a light source is as short as about 400 nm. Further sensitivity for decentering is made to be excellent, 
and aspherical aberration and conna can be corrected satisfactorily 

[0267] It is further possible to provide an objective lens which is suitable for a recording/reproducing apparatus where- 
in a thickness of a protective layer of an optical information recording medium is as thin as about 0.1 mm and a working 
distance can be small. 

[0268] Disclosed embodiment can be varied by a skilled person without departing from the sprit and scope of the 
invention. 



Claims 

1. An optical pickup apparatus for conducting recording and/or reproducing information of an optical information 
recording medium, comprising: 



a light source; 

a converging optical system to converge light flux emitted from the light source on an information recording 
plane of the optical information recording medium so as to conduct reproducing and/or recording information 
of the optical information recording medium, the converging optical system having an objective lens; and 
20 a photo-detector to receive reflected light flux from the information recording plane; 

wherein the converging optical system comprises at least a plastic lens and a spherical aberration deviation 
correcting element to correct deviation of a spherical aberration of the converging optical system and a nu- 
merical aperture of the objective lens at an image-side is 0.65 or more. 

25 2. The optical pickup apparatus of claim 1 , wherein the spherical aberration deviation correcting element comprises 
a movable element movable in a direction of an optical axis. 

3. The optical pickup apparatus of claim 2, wherein the converging optical system comprises a coupling lens including 
at least a lens group working as the movable element of the spherical aberration deviation correcting element. 

30 

4. The optical pickup apparatus of claim 3, wherein the light flux emitted from the light source has a wavelength of 
500 nm or less, the coupling lens has at least a diffractive surface having a ring-shaped diffractive structure, the 
lens having the diffractive surface is a plastic lens, the movable lens is a plastic lens and the objective lens is a 
plastic lens. 

35 

5. The optical pickup apparatus of claim 3, wherein the converging optical system comprises the coupling lens groups 
having at least two lens groups and at least one of the two lens groups works as the movable element of the 
spherical aberration deviation correcting element. 

40 6. The optical pickup apparatus of claim 3, wherein the converging optical system comprises the coupling lens con- 
sisting of one lens group and the lens group works as the movable element of the spherical aberration deviation 
correcting element. 



7. The optical pickup apparatus of claim 6, wherein the following formula is satisfied: 

0.05 < Iml < 0.5 (m < 0) 

where m represents a magnification of a combined optical system of the objective lens and the coupling lens. 



8. The optical pickup apparatus of claim 2, wherein the converging optical system comprises a coupling lens and the 
converging optical system further comprises a positive lens group having at least a positive lens and a negative 
lens group having at least a negative lens between the coupling lens and the objective lens, and 

wherein at least one of the positive lens group and the negative lens group works as the movable element of the 
55 spherical aberration deviation correcting element. 

9. The optical pickup apparatus of claim 8, wherein the converging optical system comprises a beam expander having 
the positive lens group and the negative lens group and at least one of the positive lens group and the negative 
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lens group is the movable element of the spherical aberration deviation correcting element. 

10. The optical pickup apparatus of claim 9, wherein the light flux emitted from the light source has a wavelength of 
500 nm or less, at least one of the positive lens group and the negative lens group comprises at least a diffractive 
surface having a ring-shaped diffractive structure, the lens having the diffractive surface is a plastic lens, the mov- 
able element is a plastic lens and the objective lens is the plastic lens. 

11. The optical pickup apparatus of claim 8, wherein the following formula is satisfied: 

IfP/fNI ^1.1 

where fP is a focal length (mm) of the positive lens group (where, when the diffractive surface is provided to the 
positive lens group. fP is the total focal length in which the refractive power and diffractive power are combined) ; 
and fN is a focal length (mm) of the negative lens group (where, when the diffractive surface is provided to the 
negative lens group, fN is the total focal length in which the refractive power and diffractive power are combined). 

12. The optical pickup apparatus of claim 2, wherein the movable element is a plastic lens. 

13. The optical pickup apparatus of claim 2, wherein the movable element is an aspherical lens having at least an 
asphericai surface. 

14. The optical pickup apparatus of claim 1 , wherein the spherical aberration deviation correcting element is a station- 
ary element which does not move in a direction of an optical axis. 

15. The optical pickup apparatus of claim 14, wherein a refractive index distribution of the stationary element along 
the direction perpendicular to the optical axis is changeable. 

16. The optical pickup apparatus of claim 1, wherein the converging optical system comprises an axial chromatic 
aberration con-ecting element to correct an axial chromatic aberration of the converging optical system. 

1 7. The optical pickup apparatus of claim 1 6, wherein the axial chromatic aberration correcting element comprises a 
positive lens group having at least a positive lens and a negative lens group having at least a negative lens, and 
the following fomnula is satisfied: 

vdP > vdN 

where vdP is an average of Abbe's numbers of d-lines of all positive lenses in the converging optical system, and 
vdN is an average of Abbe's numbers of d-lines of the all negative lenses in the converging optical system. 

18. The optical pickup apparatus of claim 1 7, wherein the following fomnula is satisfied: 
45 vdP > 55 

35 > VdN 

50 19. The optical pickup apparatus of ciaim 16, wherein the axial chromatic aberration correcting element comprises a 
diffractive surface having a ring-shaped diffractive structure. 

20. The optical pickup apparatus of claim 1 9, wherein the following formula is satisfied: 

lal > Ibl 

where "a" is an axial chromatic aberration caused by refractive index dispersion of the converging optical system . 
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as the wavelength of the light source fluctuates, and "b" is the total of the axial chromatic aberration caused by 
the refractive index dispersion of the converging optical system and by the diffractive surface as the wavelength 
of the light source fluctuates. 

5 -21 . The optical pickup apparatus of claim 1 9, wherein the under-corrected spherical aberration caused by the diffractive 
surface as the wavelength of the light source increases corrects the over-corrected spherical aberration caused 
by the refractive index dispersion of the converging optical system as the wavelength of the light source increase. 

22. The optical pickup apparatus of claim 19, wherein the diffractive surface makes a diffracted light amount of n-th 
10 ordered diffracted ray (n is an integer except 0, ± 1) larger than a diffracted light amount of any other ordered 

diffracted ray. 

23. The optical pickup apparatus of claim 16, wherein the axial aberration correcting element satisfies the following 
formula: 



15 



P2 < PI < P3 



where P1 is a paraxial power of the axial chromatic aberration correcting element at the wavelength of the light 
20 source, P2 is a paraxial power of the axial chromatic aberration correcting element at the wavelength shorter by 

1 0 nm than the wavelength of the light source, and P3 is a paraxial power of the axial chromatic aberration correcting 
element at the wavelength longer by 10 nm than the wavelength of the light source, 

(Where, when the axial chromatic aberration connecting element comprises a diffractive surface, each of the paraxial 
powers P1 , P2 and P3 is a total paraxial power in which a paraxial refractive power and a paraxial diffractive power 
25 are combined). 

24. The optical pickup apparatus of claim 1 , wherein the objective lens comprises a single lens having an aspherical 
surface on at least one surface thereof. 

30 25. The optical pickup apparatus of claim 24, wherein the objective lens satisfies the following conditional fomnula: 

1.1 g dl/f ^ 3-0 

35 where d1 is axial lens thickness, and 

f is a focal length of the objective lens (where, when the objective lens comprises a diffractive surface having a 
ring-shaped diffractive structure, f is the total focal length in which a paraxial refractive power and a paraxial dif- 
fractive power are combined). 

40 26. The optical pickup apparatus of claim 24, wherein the objective lens is a plastic lens. 

27. The optical pickup apparatus of claim 1 , wherein the optical pickup apparatus conducts reproducing and/or re- 
cording information of at least two kinds of optical infonnation recording media, the light source is a first light source 
to emit a first light flux having a wavelength in order to conduct reproducing and/or recording information of a 

45 first information recording medium having a first transparent substrate, the optical pickup apparatus further com- 

prises a second light source to emit a second light flux having a wavelength a2 different from the wavelength X^ 
in order to conduct reproducing and/or recording information of a second Information recording medium having a 
second transparent substrate having a thickness different from that of the first transparent substrate; and the 
converging optical system converges at least a part of the first light flux on an information recording plane of the 

50 first optical information recording medium so as to conduct recording and/or reproducing information of the first 

optical information recording medium and converges at least a part of the second light flux onto an information 
recording plane of the second optical infonmation recording medium so as to conduct recording and/or reproducing 
information of the second optical information recording medium. 

55 28. The optical pickup apparatus of claim 27, wherein the spherical aberration deviation correcting element corrects 
deviation of the spherical aberration due to a thickness difference between the first transparent substrate and the 
second transparent substrate. 
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29. The optical pickup apparatus of claim 27, wherein the objective consists of a single lens having at least one as- 
pherical surface and satisfies the following formula: 



0,7 § dl/f s 2.4 
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Where d1 is an axial lens thickness of the objective lens and f Is a focal length of the objective lens at a wavelength 
XI (where, when the objective lens comprises a diffractive surface having a ring-shaped diffractive structure f is 
the total focal length in which a paraxial refractive power and a paraxial diffractive power are combined). 

30. The optical pfckup apparatus of claim 27, wherein the objective lens has at least a diffractive surface having a ring- 
shaped diffractive structure and the objective lens converges at least a part of the first light flux on an information 
recording plane of the first optical information recording medium within a predetermined numerical aperture of the 
objective lens at an image side necessary for conducting recording and/or reproducing information of the first 
optical infomiation recording medium on acondltion that a wavefront aberration is 0.07A,1 rms or less andconverges 
at least a part of the second light flux on an Information recording plane of the second optical information recording 
medium within a predetermined numerical aperture of the objective lens at an Image side necessary for conducting 
recording and/or reproducing Information of the second optical information recording medium on a condition that 
a wavefront aberration is 0.07X2 rms or less. 

31. The optical pickup apparatus of claim 27, wherein the objective lens comprises a ring-shaped stepped section to 
divide an incident light flux Into k pieces of ring-shaped light flux by a refracting action where k > 3 and the light 
flux IS named the first, the second, - - the k-th light flux from the optical axis to the outside, a spherical aberration 
component of the wavefront aberration of the first and the k-th light flux at a best Image plane position formed by 
the first and the k-th light flux is 0.07X1 rms or less, at least two pieces of light flux among the second to (k-1)th 
light flux form an apparent best image plane position at a different position from the best image plane position 
fomied by the first and k-th light flux, and the wavefront aberration of rays of each of in the first to k-th light flux 
passing within a predetennined numerical aperture of the objective lens at an Image side necessary for conducting 
recording and/or reproducing information of the first optical infonnatlon recording medium at the best Image plane 
position fonned by the first and k-th light flux Is almost ml XI , where ml Is an Integer, and 1=1,2, — k. 

32. The optical pickup apparatus of claim 29, wherein the objective lens is a plastic lens. 

33. The optical pickup apparatus of claim 1 , wherein the optical information recording medium comprises a plurality 
of information recording planes on one side of the optical information recording medium and converging optical 
system converges the light flux emitted from the light source onto each of the plurality of information recording 
planes of the optical information recording medium so as to conduct reproducing and/or recording information of 
the optical infonnatlon recording medium. 

34. The optical pickup apparatus of claim 33, wherein the spherical aberration deviation con-ecting element corrects 
deviation of the spherical aberration due to a difference in the thickness between a light flux incident surface of 
the optical infomnation recording medium and each of the plurality of information recording planes of the optical 
infomiation recording medium. 

35. The optteal pickup apparatus of claim 1 , wherein the deviation of the spherical aberration of the converging optical 
system is deviaton of the spherical aberration due to change in temperature and/or humidity. 

36. The optical pickup apparatus of claim 1 , wherein the deviation of the spherical aberration of the converging optical 
system is deviation of the spherical aberration due to deviation in the wavelength of the light source and/or the 
manufacturing errors in the wavelength of the light source. 

37. The optical pfckup apparatus of claim 1 , wherein the deviation of the spherical aberration of the converging optical 
system is deviation of the spherical aberration due to deviation in thickness of a transparent substrate of the optical 
information recording medium. 

38. The optical pickup apparatus of claim 1 , wherein the wavelength "of the light source is 500 nm or less. 

39. The optical pickup apparatus of claim 1 , wherein the spherical aberration deviation correcting element is capable 
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of correcting the spherical aberration of AX nns to 0.07 X rms or less, where A satisfies the following formula: 0.07 
< A<0.5 . 

40. An optical information recording medium recording and/or reproducing apparatus for conducting recording and/or 
reproducing information of an optical information recording nnedium, comprising: 

an optical pickup apparatus comprising: 

a light source; 

an converging optical systenn to converge light flux emitted from the light source on an information recording 
plane of the optical information recording medium so as to conduct reproducing and/or recording Information 
of the optical information recording medium, the converging optical system having an objective lens; and 
a photo-detector to receive reflected light flux from the information recording plane; 

wherein the converging optical system comprises at least a plastic lens and a spherical aberration deviation 
correcting element to correct deviation of a spherical aberration of the converging optical system and a nu- 
merical aperture of the objective lens at an Image-side is 0.65 or more. 

41. A spherical aberration deviation correcting element for use in an optical pickup apparatus for recording and/or 
reproducing information of the optical Information recording medium, comprising: 

a positive lens group having at least a positive lens; and 

a negative lens group having at least a negative lens, wherein at least one of the positive lens group and the 
negative lens group is a movable element movable in a direction of an optical axis and the movable element 
can change the slope angle of the marginal ray of an exit light flux by moving in a direction of the optical axis, and 

wherein each positive lens of the spherical aberration deviation correcting element has Abbe's numbers of 70 or 
less or each negative lens of the spherical aberration deviation correcting element has Abbe's numbers of 40 or 
more and the spherical aberration deviation correcting element comprise at least a diffractlve surface having a 
ring-shaped diffractive structure. 

42. The spherical aberration deviation correcting element of claim 41 , wherein the following formula is satisfied: 

P2 < P1 < P3 

where P1 is a paraxial power of the spherical aberration deviation correcting element at the wavelength of the light 
source of the optical pickup apparatus, 

P2 is a paraxial power of the spherical aberration deviation correcting element at the wavelength shorter by 10 
nm than the wavelength of the light source of the optical pickup apparatus, and 

P3 is a paraxial power of the spherical aberration deviation con-ecting element at the wavelength longer by 1 0 nm 
than the wavelength of the light source of the optical pickup apparatus, 

wherein each of the paraxial powers PI , P2 and P3 Is a total paraxial power In which a paraxial refractive power 
and a paraxial diffractlve power are combined. 

43. The spherical aberration deviation correcting element of claim 41 , wherein the spherical aberration deviation cor- 
recting element is a beam expander 

44. The spherical aberration deviation correcting element of claim 41 . wherein the spherical aberration deviation cor- 
recting element comprises at least an optical element made of plastic. 

45. A spherical aberration deviation correcting unit for use In an optical pickup apparatus for recording and/or repro- 
ducing Infomriation of an optical information recording medium, comprising: 

a spherical aberration deviation correcting element recited In claim 41, and 

a moving device to move at least one of the positive lens group and the negative lens group in a direction of 
an optical axis. 

46. The spherical aberration deviation correcting element unit of claim 45. wherein the following formula Is satisfied: 
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P2 < P1 < P3 

where P1 is a paraxial power of the spherical aberration deviation correcting element at the wavelength of the light 
5 source of the optical pickup apparatus, 

P2 is a paraxial power of the spherical aberration deviation correcting element at the wavelength shorter by 10 
nm than the wavelength of the light source of the optical pickup apparatus, and 

P3 is a paraxial power of the spherical aberration deviation correcting element at the wavelength longer by 1 0 nm 
than the wavelength of the light source of the optical pickup apparatus, 
10 where each of the paraxial powers P1 , P2 and P3 is a total paraxial power in which a paraxial refractive power 

and a paraxial diffractive power are combined. 

47. The spherical aberration deviation correcting element unit of claim 45, wherein the spherical aberration deviation 
correcting element is a beam expander. 
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48. The spherical aben-ation deviation correcting element unit of claim 45, wherein the spherical aberration deviation 
correcting element comprises at least an optical element made of a plastic. 
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FIG. 8 
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FIG. 25 
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FIG. 27 
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FIG. 34 
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